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40. OPENING FIRE. a. The command to the executive to fire is the 
command for range or elevation, or the command FIRE. 

b. The executive’s command to the chiefs of section to fire is the 
command FIRE. 

# * * * * . * * 

42. CEASING FIRE. 

******* 

b. The command SUSPEND FIRE is given by the officer conduc- 
ting fire when it becomes necessary to interrupt firing prior to 
end of mission. It indicates that adjustment of fire will continue 
after a short delay. If a piece is loaded, the executive reports to the 
officer conducting fire, “No. 2 (or other piece) loaded.” Firing is re- 
sumed at the announcement of range or elevation. 



# # 

48. FUZE. 






# 


* 


* 


* # 

d. Rescinded. 


# 


* 


* 


* 


* 



##*•*## 



57. DISTRIBUTION. 

* * * # * * # * 
b. For handling irregularities in distribution resulting from the 
emplacement of pieces in staggered positions, see FM 6—140. 

###*### 

60. METHODS OF FIRE. Methods of fire are: salvo fire, volley fire, 
continuous fire, single piece, by piece at my command, fire at will, 

ranging rounds, and zone. 

******* 

67. (Superseded) RANGING ROUNDS. The command to the execu- 
tive is RANGING ROUNDS. It is followed by two ranges 400 yards 
apart, or by ELEVATION (QUADRANT) and two elevations 4 c’s 
(or 4 F’s) apart. The executive has the designated piece fire one round 
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at each of the ranges or elevations, in the sequence of their announce- 
ment. At the command REPEAT RANGING ROUNDS, the same 
ranges or elevations are fired. 

******* 

78. EXAMPLES OF FIRE COMMANDS. 

******* 

j, (Superseded) Firing ranging rounds; 105-mm howitzer. 

(1) Commands: 

NO. 2 ADJUST 
SHELL HE 
CHARGE 4 
FUZE QUICK 
BASE DEFLECTION 
SITE 300 

NO. 2, RANGING ROUNDS 
ELEVATION 242, 278. 

(2) The executive repeats the commands as given, except ELEVA- 
TION 242, 278. For these he substitutes ELEVATION 242 , FIRE; 
278, FIRE. 

******* 
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PART THREE (SUPERSEDED) 
OBSERVED FIRES 



CHAPTER 1 

INTRODUCTION; PREPARATION OF DATA 



79. OBSERVED FIRES, a. The purpose of conduct of fire is to bring 
effective fire to the target by adjusting with observed rounds. The fact 
that the fire has been brought to the target is established when rounds 
strike the target or when the target has been enclosed by range and de- 
flection brackets of appropriate size. Errors are determined in yards, 
and corrections in yards are sent to the battery or battalion fire- 
direction center. The fire-direction center converts these corrections to 
appropriate fire commands for the pieces. 

b. The terminology used herein is employed by ground and air 
observers in all arms. The use of standard phrases between observers 
and the fire-direction center facilitates mutual understanding and 
reduces the volume of communication. 

80. PREARRANGEMENT. The artillery observer, ground or air, must 
keep himself, and where appropriate the organization which he re- 
presents, completely informed of the following: 

a. The situation (friendly and enemy) within his zone of action 
and the adjacent zones. 

b. The identification, location, and zone of action of the supported 
unit. 

e. The zone of observation. 

d. The general locations of batteries. 

e. The location and description of the base point, check points, con- 
centrations, known and suspected targets, and any special fires which 
have been planned within his zone of action and adjacent zones. 

f. The maps, photomaps, or photos which are of value to him. 
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81. THE MIL. The unit of angular measurement used in field ar- 
tillery is the mil. It is 1/6400 part of the circumference of a circle. For 
practical purposes, a mil is the angle subtended by one yard at a 
distance of 1000 yards. The mil relation (fig. 15) is expressed by 
iji = W/R, where i/i is the angular measurement in mils between two 
points, W is the lateral distance in yards between the points, and R is 
the mean distance to the points in thousands of yards. The mil relation 
is approximately true for angles less than 400 mils. 




Figure 15. The mil relation. 

82. DETERMINATION OF DISTANCE, a. Necessity. The observer 
must be able to determine quickly and accurately the distance between 
objects, targets, or bursts in order to adjust artillery fire effectively. 

b. Estimation of distance. The estimation of distance is facilitated 
by having a “yardstick” on the ground. This yardstick can be estab- 
lished when ranging rounds (two rounds fired from the same piece and 
400 yards apart in range — see paragraph 100) are fired prior to an 
adjustment, or the observer may establish a known distance in the 
target area by determining from his map or photo the distance between 
two points which he can positively identify both on the map and on 
the ground. 

c. Computation of distance. (1) The observer can determine lat- 
eral distances by the use of an angle-measuring instrument such as field 
glasses. To determine the observed deviation (lateral distance) be- 
tween two objects or bursts, the observer determines from a map or 
photo, or estimates, the mean distance to the objects. He then measures 
the angle between them and converts this measurement to yards by use 
of the mil relation. 

Example: Ranging rounds have been fired as ordered by the observer. 
He desires to determine the deviation in yards between bursts. He 
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notes the points of impact of the rounds on the ground, and with his 
field glasses measures the angle between them as 110 mils. He deter- 
mines from his map that the meain distance of the bursts from his 
position is 2000 yards. Using the mil relation tji = W/R (or W = 
ifi X R)> he computes the deviation between bursts to be 220 yards 
(110 X 2 ). 

(2) When instruments are not available, angles are measured by 
the hand, fingers, or a ruler held a known distance from the eye. The 
angle subtended by each is determined by the individual before he 
goes into the field (fig. 16). 




Figure 76. Examples of measuring angles with the hand. 



83. PREPARATION OF DATA, GENERAL, a. Normally, the observer 
designates the location of the target to the fire-direction center by 
giving the coordinates of the target from a map or photo, or by desig- 
nating the target with reference to a base point, check point, or other 
target. The fire-direction center then prepares from a firing chart the 
initial data for laying the piece. However, at times it may be necessary 
for the observer to prepare his initial data. When initial data are 
determined by the observer, he must send them to the fire-direction 
center in the form of fire commands (ch. 2 , part two ). 

b. There are several methods which may be employed by the ob- 
server to determine firing data. Some of the “approximate methods” 
which are most commonly used are discussed in the succeeding para- 
graphs of this chapter. 
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Figure 17 . Terms used in preparation of fire. 
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84. DEFINITIONS AND TERMS. The following definitions and terms 
are used in preparation of firing data: 

a. Direct laying. The piece is laid by sighting on the target. 

b. Indirect laying. The piece is laid by sighting on a fixed point 
or object other than the target. The fixed point or object is called the 
aiming point. Indirect laying is the usual method of laying, because 
the target generally is not visible from the piece. 

c. Firing angle. The firing angle (fig. 17) is the clockwise hori- 
zontal angle (vertex at the sight of the piece) from the target to the 
aiming point. 

d. Deflection. The deflection is the setting of the sight which 
corresponds to the firing angle. When the deflection has been set and 
the piece traversed to bring the line of sighting to the aiming point, the 
piece is laid for direction. When the deflection is increased, the line 
of sighting is moved to the right; and (when the line of sighting is again 
brought to the aiming point by traversing the piece) the plane of fire 
is moved to the left. An increase of deflection moves the plane of fire 
to the left, a decrease moves it to the right. 

e. Measured angle. The measured angle is the horizontal angle 
(vertex at the observation post) from the target to an aiming point, 
base point, or other datum point (fig. 1 7) . 

f. Magnetic north. Magnetic north is the north direction as indi- 
cated by a magnetic needle swinging freely (without local attraction) 
in the earth’s magnetic field. 

g. Y-line. The grid lines extending north and south on a map or 
map, substitute are called /-lines. 

h. Y-north, or grid north. The north direction of a /-line on a 
map or map substitute is called F-north or grid north. 

i. Y-azimuth. The F-azimuth of a line is the clockwise angle from 
F-north to the line. The fire command to indicate the F-azimuth of the 
direction of fire is COMPASS (SO MUCH) . 

j. Declination constant. The declination constant of an instru- 
ment is the clockwise angle between F-north and magnetic north' in- 
dicated by that instrument. In other words, it is the F-azimuth of mag- 
netic north. This constant is recorded for any instrument equipped 
with a magnetic needle; the constant for any one instrument may vary 
in different localities; in any one locality the constant will vary slightly 
for different instruments. 

Jc. Target offset. The target offset, is the horizontal angle (vertex 
at the target) between the piece and observation 'post (fig. 17). 

I. Aiming-point offset. The aiming-point offset is the horizontal 
angle (vertex at the aiming point) between the piece and observation 
post (fig. 17). 
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m. Abbreviations and symbols. 

M Measured angle. 

A. Firing angle. 

T Target or target offset. 

P Aiming point or aiming-point offset. 

BP Base point or base-point offset. 

G Piece. 

O Observer. 

OP Distance, in thousands of yards, from 0 to P. 
OG Distance, in yards, from O to G. 
r Distance, in thousands of yards, from O to T. 

R Distance, in thousands of yards, from G to T. 




Figure 18. Computing T. 
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85. COMPUTING T AND P. The offset T is determined by the mil 
relation, T = O'G (O' T/ 1000) (figs. 17 and 18). The length of 
O'G may be determined by multiplying OG by the sine of angle TOG. 
Offset P (or BP) is determined in a similar, manner. 

86. COMPUTING DIRECTION BY Y-AZIMUTH. To compute the 
F-azimuth of GT : measure the F-azimuth of OT; determine offset T; 
and apply the T, with the proper sign, to the F-azimuth of OT. The 
sign to be used can be learned by a study of figure 19. 



T T 




Figure 19. Determining direction by Y-azimutl i. 



87. COMPUTING DIRECTION WITH DISTANT AIMING POINT, a. 

To compute A: measure M; compute T and P; and apply the offsets, 
with proper sign, to M. The signs to be used can be learned by a 
study of figure 20. A rule of thumb for determining the sign of an 
offset is as follows: Standing at O, extend an arm toward the target 
(aiming point). Move the extended arm away from the piece; if the 
arm moves into (out of) the measured angle the offset is minus (plus). 

b. To convert angle A (firing angle) to the deflection command, 
subtract 3200 if necessary; single angles greater than 3200 cannot be 
set on the sight of the piece. 
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88. COMPUTING SHIFTS, a. Using offsets. To compute the shift: 
measure M (fig. 21); compute BP ( P in fig. 21) and T; and apply 
the offsets, with proper sign, to M. The signs to be used can be 
learned by a study of figure 21. In different situations, M and the 
shift may be either right or left, and are not necessarily in the same 
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direction. This method may be applied in determining shifts from 
one target to another, as well as from base point to target. 

b. Using S-shifts. This method requires a knowledge of range- 
bracketing procedure (ch. 3). Consider BP to be the last burst fired. 
Compute the shift in yards necessary to bring the burst to the OT 
line, and apply one S in the proper direction for each 100-yard differ- 
ence between base-point and target ranges. The result is the shift in 
yards. 

89. RAPID PLOTTING, a. General. When offsets are so large that 
the mil relation formula is not sufficiently accurate, measured and esti- 
mated data may be plotted to scale and the resulting direction and 
range may be scaled. 

b. Diagram. A diagram may be drawn to scale (fig. 22). If the 
locations of targets and guns are identifiable on a suitable map, nec- 
essary lines may be drawn and deflection or azimuth read directly. 

T 
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At. 



/ 



/ 

/ 

A 

/ \ 



0 < 



STEPS: 

1. MEASURE Y-AZIMUTH Of OT WITH 
AN AIMING CIRCLE. 

2. MEASURE OR COMPUTE OT DISTANCE. 

3. MEASURE OR ESTIMATE OG DISTANCE. 

4. MEASURE Z1 WITH AIMING CIRCLE. 

5. PLOT TO SCALE. 

6. MEASURE ZTflt DISTANCE GT. 



7 . Y-AZIMUTH GT EQUALS Y-AZIMUTH 
OT LESS ZT. 



G 

Figure 22. Diagram for method of determining data by rapid 

plotting. 

90. DISTRIBUTION, a. Definitions. (1) A sheaf consists of the planes 
of fire of. two or more pieces. 

(2) A parallel sheaf is one in which the planes of fire are parallel. 

(3) A regular sheaf is one in which the bursts are approximately on 
a line and are equally spaced laterally. 

(4) The width of sheaf is the lateral interval between flank bursts. 
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(5) An open sheaf is one covering the maximum front without shift- 
ing. The prescribed widths of open sheaf for the various calibers, and 
the front covered by an open sheaf, are as follows: 

Caliber Width (in yards) Front (in yards) covered 

of open sheaf by open sheaf 

4-piece Btry 6-piece Btry 4-piece Btry 6-piece Btry 



7 5 -mm 


100 


100 


130 


130 


105-mm 


100 


150 


150 


200 


155-mni 


200 


250 


260 


310 


8-inch 


300 




380 





(6) The front covered by any sheaf is the width of sheaf plus the 
effective width of a burst. 

b. Parallel sheaf. (1) The battery executive forms a parallel sheaf 
(fig. 23). Immediately upon occupation of position, he lays the bat- 
tery parallel with an aiming circle or other instrument on the indicated 
base angle or compass. The detailed operations for forming a parallel 
sheaf are given in FM 6-140. 




Figure 23. Parallel sheaf. Figure 24. Individual correc- 
tions to form a regular sheaf. 
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(2) In most cases, a parallel sheaf is sufficiently accurate and effec- 
tive. This is particularly true with massed fires and fires well beyond 
our troops. 

c. Regular sheaf. (1) There will be occasions when the pieces of 
a battery are so irregularly placed both laterally and in depth that 
individual corrections for lateral distribution and variations in range 
are necessary to provide more effective fire on targets close to our own 
troops, on accurately located targets, on point targets, and on barrages. 

(2) When this is the case, the observer (or the fire -direction center) 
orders SPECIAL CORRECTIONS. The executive must be prepared 
to form a regular sheaf, with the bursts approximately on a line, of 
whatever width and at whatever range the observer or the fire-direction 




Figure 25. Result of range and distribution corrections on a point 

target. 



91. ANGLE OF SITE. a. The accurate determination of angle of site 
is important, particularly if the fire of additional batteries or battal- 
ions is to be superimposed on the adjustment of one battery. Normally, 
the observer sends to the fire-direction center the difference in altitude 
between the target and a known point, and the fire-direction center 
computes the angle of site. 
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b. To compute site with an instrument at the observation post (tig- 
26): 

(1) Measure the angles o£ site to the target and to the piece. 

(2) By the mil relation lormula, compute the amount in yards that 
each is above or below the observation post. 

(3) Compute the amount in yards that the target is above or below 
the piece and divide that amount by R. The quotient is the angle of 
site in mils. 

(4) The angle of site is plus if the target is above the piece, minus if 
below. 





h = difference in oltitude between gun ond target 
hg= difference in oltitude between observer ond gun 
hy = difference in altitude between observer and target 

Figure 26. Computation of site. 

c. To compute angle of site with a chart: determine altitudes or 
target and piece by interpolation between contours or known altitudes; 
then proceed as in b (3) and (4) above. 

d. The initial angle of site in time area fire is the computed angle of 
site, plus such amount as will insure air bursts. 

e. The setting for zero site is -300. The setting for a site of -f- 10 
mils is, for example, 310; for a site of —5, 295. 
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f. For use of site in applying elevation corrections for calibration, 
and for echelonment of pieces in depth, see FM 6-140. 

92= HEIGHT OF BURST, a. The height of burst may be varied by 
changing the time of burning (fuze setting) or by changing the site. 
A change in the time of burning moves the point of burst along the 
trajectory, which changes the range of the burst as well as the height 
of the burst (fig. 27). A change in the site, on the other hand, raises 
or lowers the burst in a vertical plane through the target (fig. 28). 




G 

Figure 27. Changing the height of burst by changing the time of 
burning (fuse setting I . 




b. Before employing time fire, the' time of burning is adjusted by 
a time registration to give a zero height of burst; i.e., one which gives 
a mean height of burst at the surface of the ground. Thereafter, the 
fire-direction center accompanies each range change with a correspond- 
ing time of burning, and the observer controls the height of burst 
entirely by site changes. For a discussion of the VT fuze and its em- 
ployment — see appendix X, change 1, FM 6-40. 
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CHAPTER 2 

GENERAL PRINCIPLES OF CONDUCT OF FIRE 



93. ELEMENTS TO BE ADJUSTED. In conduct of fire the observer 
adjusts the following elements, based upon positive sensings obtained 
from observed rounds. 

a. Direction, to cause the mean line of fire to pass through the 
target. 

b. Distribution, to cause the sheaf to cover the desired front. 

c. Site, in time area fire, to cause the projectiles to burst at the 
proper height above the ground (20 yards for light and medium artil- 
lery). 

d. Fuze setting, in time registration, to secure a zero height of burst. 

e. Range, to cause the projectiles to strike or burst at the most ef- 
fective range. 

94. APPEARANCE OF BURSTS (fig. 29). a. HE shell, quick fuze. 

The black smoke is discolored by dirt, and spreads both upward and 
laterally. 

b. HE shell, mine action. A mine action burst usually sends up a 
vertical column of dirt, often with clods of earth, and with very little 
smoke. The explosion is muffled. 

c. HE shell, ricochet. A ricochet burst is characterized by a flash, 
sharp explosion, and a ball of black smoke above dust kicked up by 
fragments. The pattern of the side and base spray is very noticeable. 
When delay fuze is used, ricochets are most easily identified by the 
absence of characteristics of mine action. 

d. HE shell, air burst. The burst is characterized by a flash, sharp 
explosion, and a ball of black smoke which becomes elongated along 
the trajectory. The effect of fragments can be seen below the burst, 
if the burst is not too high. The effect of nose fragments usually can 
be seen in prolongation of the trajectory. 

e. Smoke shell. (1) White phosphorus burns rapidly, and at once 
forms white smoke which tends to rise because of the heat generated 
by the burning phosphorus. 

(2) Base ejection smoke, bursting in air, emits smoke canisters which 
can be seen following the approximate path of the trajectory. Smoke 
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MINE ACTION BURST 



AIR BURST 



Figure 29. Appearance of bursts. 

is emitted from each canister from three to four minutes, forming a 
dense, low-lying screen. 

95. SENSINGS, a. Range (fig. 30). A burst which is beyond the 
target from the gun is sensed over for range; one which is between the 
target and the gun is sensed short for range. A round which strikes 
the target is sensed target; one which is at the proper range, but is off 
the target for deflection, is sensed range correct. Range is sensed doubt- 
ful if no positive sensing was obtained, or lost if the burst was not 
observed. In time area fire, a burst on impact between piece and target 
is sensed doubtful for range, since an error in site, rather than range, 
may have caused the round to strike short of the target; however, if 



FUZE QUICK BURST 



RICOCHET BURST 
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ihe burst is so short that it is evident that range is in error, it is sensed 
short for range. In area fire, when in the same voiley (salvo), rounds 
are both short and over, the sensing is bracketing for range. 



Bursts in this area 


From OP bursts 


From OP bursts 


ore OVER for RANGE 


on near side of 


on far side of 


TARGET 


GT line are 
SHORT for TA * 


GT line are 
j ET OVER for 


7 

Bursts in this area 


DEFLECTION 


DEFLECTION 


ore SHORT for RANGE 
1 
1 
1 
t 
1 


Observation 

Post 





Figure 30. Areas of overs and shorts in range and deflection. 

b. Deflection (fig. 30). A burst which is on the far, side of the 
gun-target ( GT ) line from the observer is sensed deflection over; one 
which is on the observer’s side of the GT line is sensed deflection 
short. Deflection is sensed deflection doubtful if no positive sensing 
was obtained. Under certain conditions, described later in paragraph 
110c, deflection may be sensed deflection correct. 

c. Time fire. A burst in the air is sensed air; a burst on impact 
is sensed graze. In volley fire, if both air and graze bursts are obtained 
in the same volley, the sensing is mixed when equal numbers of airs 
and grazes are obtained, or mixed air ( mixed graze ) when a prepond- 
erance of airs ( grazes ) is obtained. 



d. VT-fuzed shell. When the burst is low, it can be sensed on the 
ball of smoke in the same manner as an impact burst. When the 
burst is high, sensing must be made on the effect (dust kicked up by 
fragments). The observer must make certain that he bases his sensings 
on the center of the effect pattern, and not on stray fragments at the 
edge of the effect pattern. When the fuze fails to function, the round 
will result in a dud, and the observer can often see where the projectile 
strikes the ground by the dirt it kicks up on impact. In low-angle fire, 
a range sensing of over based upon the point of impact of a dud must 
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be accepted with caution, since the normal point of burst of such a 
round would be at a considerably shorter range. 

e. Ricochet fire. Fuze action is sensed in ricochet fire as ricochet 
or mine action. 

f. Doubtful and lost. A burst should not be sensed positively unless 
the observer is certain that the sensing is correct. A sensing of lost 
over ( lost short ) may be made when there is accurate knowledge of 
the terrain, and the deflection is known to be reasonably correct. After 
a sensing of lost , a bold change is made in the direction most likely 
to give a visible burst. The first round from a cold piece may be er- 
ratic; if such a round has been sensed positively and later becomes 
one limit of the range bracket for fire for effect, the sensing is con- 
sidered doubtful, and another round is fired at the same range to 
verify the previous sensing. 

g. Positive sensings. One positive sensing is sufficient to estab- 
lish a limit of a bracket. Sensings must be made promptly, except 
when it is necessary to take advantage of drifting smoke. Sensings 
must be based on what the observer sees while it is before his eyes, 
not on what he recollects. Except for terrain sensings, range or deflec- 
tion sensings on bursts wide from the target should be made with 
caution. When sensings are made on drifting smoke or on shadows, 
the direction of the wind and the position of the sun must be con- 
sidered. 

96. TYPES OF FIRE. a. Precision fire. Precision fire is used for reg- 
istration, attack of point targets, and destruction. It is used against 
stationary objects. Since destruction requires a large expenditure of 
ammunition, every round is fired with the most exact data available. 
Light artillery is effective against light structures only. More than one 
piece may be used on a target; each is adjusted separately. Precision 
fire must be accurate but must be conducted expeditiously. 

b. Area fire. (1) Area fire is used against personnel and materiel 
capable of movement or dispersed in an area, and unsuitable as targets 
for direct laying. It may be used for a rapid and approximate registra- 
tion. Adjustment of area fire must be accurate, particularly if fires 
are to be massed using the data determined from the adjustment. The 
adjustment should be as rapid as is consistent with accuracy in order 
to insure fire for effect before the enemy can escape or take cover. Fire 
for effect must be accurate and dense; ineffective ranges are eliminated. 

(2) Normally, fire is opened with platoon volleys, but may be with 
battery volleys to insure early sensings, or with a single piece to save 
ammunition. Salvo fire may be ordered if desired; adjustment of de- 
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flection in deflection-bracketing is facilitated by use of salvos rather 
than volleys. In time fire, more than one piece should be used. Adjust- 
ment is with a parallel sheaf unless otherwise designated by the ob- 
server. 

(3) In area fire, the observer must select a well-defined point upon 
which to adjust. This “adjusting point” may be a distinctive terrain 
feature, or it may be some portion of the target, such as a truck or 
tank. The observer selects an adjusting point at or near the center 
of the area upon which he wishes to place fire. For surprise fire, he 
may select some nearby point (auxiliary target), adjust on it, and then 
shift the fire to the area which includes his target. 

97. ADJUSTMENT. Based upon positive sensings, the elements in 
error are adjusted to bring effective fire to the target. Positive sensings 
are most readily obtained when bursts are on the OT line. The basic 
procedure during adjustment is, first, to bring bursts to the OT line, 
and then to keep bursts on the OT line during changes incident to 
the adjustment. 

98. BRACKETING THE TARGET. Fire is adjusted on the target by 
bracketing the target for both range and deflection and then splitting 
these brackets to the degrees prescribed in. the following chapters. It 
is better to overestimate the necessary corrections than to underestimate 
them because in this way a bracket is more readily obtained. The con- 
trolling element is that element (either range or deflection) which is 
more difficult to sense. Range is the controlling element and range- 
bracketing procedure is employed when the observer is on or near the 
gun-target (GT) line (target offset of 500 mils or less). Deflection is 
the controlling element and deflection-bracketing procedure is used 
when the observer is considerably to one side of the GT line (target 
offset greater than 500 mils). Normally, the observer employs ranging 
rounds (par. 100) to determine which of these methods is to be em- 
ployed in attacking a particular target. 

99. KEEPING BURSTS ON THE LINE. a. If a range change is made 
from a line shot, a corresponding deflection change is necessary to keep 
the burst on the OT line; conversely, if a deflection change is made 
from a line shot, a corresponding range change is required. S is the 
deflection shift in yards which keeps the burst on the OT line when 
the range is changed 100 yards (fig. 31). For example, a deflection 
shift of 1 S is made in the proper direction for each 100-yard change 
in range; a range change of 100 yards is made in the proper direction 
for each deflection shift of 1 S. 
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b. When sensings are obtained, small deviations which might be 
caused by dispersion or by minor irregularities of the ground are ig- 
nored. Larger deviations which might hamper future sensings are cor- 
rected to place shots on the OT line. 

100. RANGING ROUNDS, a. Ranging rounds consist of two rounds 
fired as rapidly as possible from the adjusting piece, the first round 
where ordered by the observer and the second round at a range 400 
yards greater. When they have been brought to the vicinity of the 
target, the observer proceeds as follows: 

(1) He notes the line established by the two ranging rounds and 
visualizes the gun-target line. 



(2) He measures the deviation (in mils) between bursts, and con- 
verts this deviation to yards (fig. 32) by the method described in the 
example, paragraph 82c (1). 




Figure 32. Observed deviation between ranging rounds. 
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(3) If the observed deviation between ranging rounds is 200 yards 
or less, range is the controlling element, and the observer uses range- 
bracketing procedure. If the observed deviation is greater than 200 
yards, deflection is the controlling element, and the observer uses 
deflection-bracketing procedure. 

b. When the observer desires ranging rounds fired, he includes in 
his initial fire message, FIRE RANGING ROUNDS. If these rounds 
are too far from the target to be of value to the observer, he gives 
appropriate corrections to move the bursts closer to the target and in- 
cludes with his corrections, REPEAT RANGING ROUNDS. Correc- 
tions are based on the first round of the last two ranging rounds. If one 
or both of the rounds are lost, the observer may command LOST, 
REPEAT INFLECTION, REPEAT RANGING ROUNDS, TIME 
FIRE, REPEAT RANGE, in order to obtain ranging rounds fired in 
the air. 

c. If, in his initial fire message, the observer has included TIME 
FIRE (as the ammunition desired), and he also calls for ranging rounds, 
the ranging rounds are fired with time shell set to burst on impact. 
At the conclusion of firing ranging rounds, subsequent rounds in ad- 
justment are fired with the appropriate site and fuze setting to give 
air bursts. 

d. The observer should take full advantage of any sensings obtained 
from either or both of the ranging rounds. 

101. DETERMINATION OF DEFLECTION FACTOR CS). a. If the 

observed deviation between ranging rounds is 200 yards or less, the 
distance is divided by 4 (since the rounds were fired 400 yards apart) 
and the quotient is used as S in yards. 

b. If the observed deviation between ranging rounds is greater than 
200 yards, the value of 5 corresponding to the observed deviation is 
as follows: 



OBSERVED DEVIATION 
(yards) 


S 

(yards) 


225 


68 


250 


80 


• 275 


95 


300 


113 


325 


139 


350 


181 


375 


269 
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It will be noted that for observed deviations exceeding 200 yards the 
value of S is no longer equal to approximately one-fourth the value 
of the observed deviation. Instead, the observer uses the following 
table of approximate values in order to obtain a usable S in deflection- 
bracketing. 



FOR AN OBSERVED DEVIATION OF— USE AN S OF— 

(yards) (yards) 

250 80 

300 100 

350 200 



For the larger values of the observed deviation, a precise determination 
of the value of S is not warranted, because dispersion and ground forms 
cause variations in its practical value throughout any given adjust- 
ment. However, the smaller the value of .S’, the more stable it appears 
on the ground and the more precisely it should be computed and ap- 
plied. 

c. The value of S in mils may be determined also: 

(1) From the firing tables; (2) approximately, by computation, using 
1/10 T 

the formula S , if T is less than 600 mils. This value must 

R 

be converted to S in yards. 

d. In heavy artillery, or light and medium artillery when firing at 
long ranges or for destruction, the fire-direction center, may make range 
changes by adding or dropping forks rather than making 100-yard 
changes. For simplicity, the observer continues to correct range in 
terms of hundreds of yards. The observer is notified when forks are 
used in order that he may determine new factors. 

Example: An observer of a 155-mm howitzer battalion desires to 

destroy a small bridge within enemy lines. The mission requires a pre- 
cision adjustment. From previous area fire missions in the vicinity 
of his new target, the observer has determined accurate factors to be 
used when range changes are made in hundreds of yards. However, 
he is notified by fire-direction center that range changes in his destruc- 
tion mission will be made in forks. He orders ranging rounds fired 
in the vicinity of the bridge in order to determine the value of factors 
corresponding to a 1-fork change in range. These ranging rounds are 
fired 4 forks apart in range. Throughout the mission, fire-direction 
center changes the range by 1 fork for each 100-yard change ordered 
by the observer. 
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e. Factors are corrected promptly if, during firing, they are observed 
to be considerably in error. 

102. CORRECTIONS AND TERMS. The following are corrections 
and terms normally used by the observer: 

a. FIRE MISSION — Warning order to alert the fire-direction center 
and to indicate that the message to follow is a request for fire. 

b. LEFT (RIGHT) (so many yards) — To correct the deflection. 

c. CLOSE (OPEN) SHEAF — To narrow (widen) the sheaf. An 
arbitrary change of 50 yards in width of sheaf is made by fire-direction 
center. 

d. CONVERGED (so many-YARD) SHEAF — To obtain a con- 
verged sheaf (or a sheaf of any desired width). 

e. CONVERGE ON NUMBER TWO (or other piece) — To obtain 
a sheaf converged on the desired piece. 

f. UP (DOWN) (so many yards) — To correct for differences in 
altitude in the target area; to raise (lower) the height of burst in time 
area fire. 

g. PLUS (MINUS) (so much) (in tenths of a second) — To increase 
(decrease) the time setting of time fuzes in a time registration. 

h. ADD (DROP) (so many yards) — To increase (decrease) the 
range. 

i. CLOSE — To indicate that the target is within 600 yards of 
friendly forward elements. 

j. DEEP — To indicate that the target is more than 600 yards from 
friendly forward elements. 

k. REPEAT DEFLECTION (RANGE)— To obtain fire at the 
same deflection (range) as the previous round or volley. 

l. SALVO RIGHT (LEFT) — To obtain battery (platoon) salvos 
beginning with the right (left) piece. 

m. FIRE FOR EFFECT — In area fire, to indicate that the adjust- 
ment is satisfactory and that the unit is to fire for effect. In precision 
fire, this term is not used as a command, but is used to refer to the 
rounds fired after the trial range has been determined. 

n. SPECIAL CORRECTIONS — To indicate that a regular sheaf 
is desired; i.e., that individual corrections for lateral distribution and 
variations in range between pieces are necessary. 

o. ERROR (followed by proper correction) — To change an erro- 
neous correction to the proper correction. 
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p. LOST (followed by correction to obtain observation) — To indi- 
cate that the last round or volley was not observed. 

q. SUSPEND FIRE — To interrupt firing for any reason prior to 
end of mission. It indicates that adjustment of fire will continue after 
a short delay. 

r. MISSION ACCOMPLISHED — To cease firing on a target when 
mission is completed. 

103. INITIAL FIRE MESSAGE. The initial fire message sent by the 
observer to the fire-direction center includes the following elements, 
in the sequence indicated: 

Identification of the observer. 

Warning order. 

Location of target. 

Nature of target. 

Classification of fire. 

Type of adjustment. 

Type of ammunition. 

Control. 

a. Identification of the observer. The observer, when necessary, 
identifies himself, usually by use of a code word or words. 

b. Warning order. The observer sends FIRE MISSION to alert 
the fire-direction center. 

c. Location of target. The location of the target may be given 
in one of the following ways: 

(1) By giving a shift in yards from a known point (fig. S3). The 
known point may be any point whose chart location is known to fire- 
direction center. The shift is given in the sequence: Known point, de- 
flection, altitude, range; for example, FROM BASE POINT, LEFT 
400, UP 30, ADD 600. The deflection and range corrections should be 
large enough to assure the bracketing of the target between the known 
point and the initial volley. If the altitude of the target is the same 
as the known point, that element is omitted. When firing time fire, 
the vertical control operator adds the desired height of burst to the 
observer’s correction for altitude. If the deflection (range) is estimated 
to be the same as the known point, the observer sends REPEAT DE- 
FLECTION (RANGE). 

(2) By giving coordinates (grid, hectometric, or photo) referring to 
a map, photomap, or vertical or oblique photo. 
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Figure 33. Designating the location of the target with respect to 
a known point. The observer sent to FDC: FROM BASE 
POINT, LEFT 400, UP 30, ADD 600 (to assure bracketing 
the target between the known point and the initial vol- 
ley 1. 

(3) By means of a geographic direction and distance from a known 
point, as FROM CR 224, NORTH 400, EAST 500, or FROM CR 932, 
NORTHEAST 600. 

(4) By use of polar coordinates, as FROM RJ 615, AZIMUTH 3200, 
DISTANCE 900. 

(5) By commanding a marking volley from which he can shift to 
his target. Examples: 

MARK BASE POINT. 

MARK CHECK POINT NO. 3. 

MARK CODE COMPASS RIGHT 300, CODE RANGE ADD 
1000 (prearranged code only). (See par. 86.) 
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d. Nature of target. The nature of the target consists of a descrip- 
tion of the enemy installation, personnel, equipment, or activity which 
is observed. This description should be brief but should contain 
enough information to be a guide to the importance of the target, 
and to indicate the best manner of attack. Information of intelligence 
nature must be reported promptly but without delaying the fire mis- 
sion. 

e. Classification of fire. To indicate the relative proximity of 
the target to friendly troops the observer transmits CLOSE or DEEP. 
The use of this element is optional when adjusting ground artillery 
fire, but mandatory in the adjustment of naval gunfire. 

f. Type of adjustment. The designation of type of adjustment may 
include: PRECISION REGISTRATION, DESTRUCTION, HIGH- 
ANGLE FIRE, also special sheaf or range spread desired, or any other 
special requirement. If salvo fire is desired, the observer sends SALVO 
RIGHT (LEFT). If no specific type of adjustment is designated, area 
fire methods (and platoon or battery volleys) will be used. 

g. Type of ammunition. The observer designates the type of pro- 
jectile and fuze desired. Choice of projectile and fuze depends upon 
effect sought (pars. 14 to 20, inch). If no specific type of ammunition 
is designated, HE shell with quick fuze will be used. 

h. Control. The observer’s designation of control will consist of 
one of the following: 

(1) WILL ADJUST. This indicates that the accuracy of the ob- 
server’s location of the target is such that an adjustment is considered 
necessary and that the observer can adjust the fire. If observation is 
difficult or intermittent, the observer precedes WILL ADJUST by 
AT MY COMMAND. In this event, the observer transmits FIRE 
after receipt of READY from fire-direction center, and when he is 
in position to observe. This procedure remains in effect until a sub- 
sequent correction is followed by the command WHEN READY. 

(2) FIRE FOR EFFECT. When transmitted as part of the initial 
fire message, this indicates that the observer considers his location of 
the target to be accurate, no adjustment necessary, and surprise fire 
desirable. He observes the initial fire for effect and, if necessary, sends 
appropriate corrections to increase the effect of subsequent fire on the 
target. 

(3) CANNOT OBSERVE. This indicates that the observer will be 
unable to adjust the fire. Decision as to the advisability of firing, the 
mission rests with the fire-direction center. 
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i. Examples of initial fire messages. 

(1) FIRE MISSION 
MARK BASE POINT 
FIRE RANGING ROUNDS 
PRECISION REGISTRATION 
WILL ADJUST. 

(2) FIRE MISSION 
FROM BASE POINT 
RIGHT 400 

UP 40 • 

ADD 600 

THREE MACHINE GUNS 
WILL ADJUST. 

(3) FOX OBOE BAKER (Forward Observer, Battery B) 
FIRE MISSION 

JIG MIKE 9763 
INFANTRY IN FOXHOLES 
SALVO RIGHT 
TIME FIRE 
AT MY COMMAND 
WILL ADJUST. 

(4) FIRE MISSION 
CONCENTRATION 32 
INFANTRY IN OPEN 
VT FUZE 

FIRE FOR EFFECT. 

(5) FIRE MISSION 
(47.2-93.6) 

INFANTRY ASSEMBLING 
VT FUZE IN EFFECT 
WILL ADJUST. 
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(6) Example of an illumination mission: 

FIRE MISSION 
FROM CHECK POINT 1 
REPEAT DEFLECTION 
DROP 400 

TANK ASSEMBLY AREA (nature of target niay be omitted 
for routine illumination) 

ONE GUN (to indicate that one-gun illumination is desired) 

ILLUMINATION 

WILL ADJUST. 

104. INFORMATION SENT TO OBSERVER, a. If a target is to be 
fired upon, fire-direction center furnishes the following information 
to the observer: 





Example 


(1) Battery (batteries) to fire (1) BATTALION 


for effect. 




(2) Adjusting battery. 


(2) BAKER 


(3) Projectile and/or fuze. 


(3) TIME FIRE 


(4) Concentration number as- 


(4) CONCENTRATION NO. 


signed. 


30 


(5) Method of fire and range 


■ (5) 3 VOLLEYS, CENTER 


spread. 


RANGE 


(6) Time of opening fire. 


(6) WHEN READY. 



b. If the mission cannot be fired, the observer is notified, WILL 
NOT FIRE. 

c. The observer is informed ON THE WAY as each round or volley 
is fired during adjustment. As each unit starts fire for effect, the ob- 
server is informed; for example, ABLE FIRING FOR EFFECT. When 
firing medium and heavy artillery at long ranges and when firing high- 
angle fire with all calibers, the observer is sent the warning, SPLASH, 
five seconds prior to the end of time of flight of the round or volley. 
When the observer has sent AT MY COMMAND, fire-direction center 
transmits READY to indicate that pieces are ready to fire. Fire- 
direction center informs the observer when fire for effect has been 
completed; for example, ROUNDS COMPLETE, ABLE, BAKER, 
CHARLIE, ox ROUNDS COMPLETE, ALL BATTALIONS. 
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105. SUBSEQUENT CORRECTIONS, a. Any element of subsequent 
corrections, other than the correction for deflection and range, may be 
omitted if no change in that element is desired. A correction for de- 
flection and range always must be given. If it is desired to fire the 
same deflection (range) as the last rounds, the observer sends REPEAT 
DEFLECTION (RANGE). 

b. When the initial round or volley shows that either range or de- 
flection is greatly in error, a bold change of the element in error is 
made, even though procedure calls for rounds to be brought to the 
line by correction of the other element. 

c. Subsequent corrections are given in the following sequence: 

(1) Deflection correction. 

(2) Distribution correction. 

(3) Height of burst correction. 

(4) Time correction (in time registration). 

(5) Change in any special requirements (for example, to change 
from volley to salvo fire during area adjustment). 

(6) Change in number of rounds to be fired (in precision fire). 

(7) Change in ammunition (for example, to change from fuze delay 
to time fire). 

(8) Range correction. 

106. CORRECTION OF ERRORS. When an observer sends an erro- 
neous correction, he corrects it by sending the proper correction, pre- 
ceded by ERROR. For example, the observer has given LEFT 200, 
ADD 400. He desires to change the deflection correction to RIGHT 
200. To correct his error, the observer sends ERROR, RIGHT 200, 
ADD 400. If the observer has transmitted his initial fire message and 
finds that he has made an error in one of the elements listed in par- 
agraph 103, he sends ERROR, followed only by the information per- 
taining to the element in error. The remaining elements of the initial 
fire message need not be retransmitted. If any element of the message 
has been omitted erroneously, the observer sends that element to fire- 
direction center as a separate transmission without repeating the entire 
initial fire message. 
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CHAPTER 3 

CONDUCT OF FIRE BY 
RANGE-BRACKETING PROCEDURE 

Section I. GENERAL 



107. EMPLOYMENT. Range-bracketing procedure is employed when 
the observed deviation between ranging rounds is 200 yards or less 
(pars. 100 and 101). The observer is then on or near the GT line, and 
he can determine deflection errors more accurately than range errors. 
Range, therefore, is the controlling element. 

108. RANGE BOUNDS, a. First bounds. After a round or volley has 
been sensed positively, the first range bound is made large enough to 
bracket the target. A range bound of less than the bracket sought is 
not made until that bracket has been obtained. Initial range changes 
are made in hundreds of yards. When the approximate amount of 
range error cannot be estimated, the following may be used as a guide 
in determining the amount of the initial range bound. 

(1) 100 yards (or 1 fork), for map data corrected. 

(2) 200 yards (or 2 forks), when using map data or when making 
a small shift from a previous target. 

(3) 400 yards (or 4 fofks), when using data obtained by approximate 
methods. 

b. Bounds close to friendly troops. Fire close to friendly troops 
is opened with a range which is surely safe. Range is then changed 
by bounds which are safe, until a bracket or a correct range is obtained. 

Section II. PROCEDURE 



109. ADJUSTMENT, PRECISION FIRE. a. General. Adjustment is 
by single piece. Each round is sensed for range. The object of adjust- 
ment is to obtain a trial range. The trial range is the range for the 
center of a 100-yard (or 1 fork) range bracket, or a range giving a target 
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hit. In order to obtain a trial range, an initial range bracket is sought; 
thereafter, the bracket is successively split until the trial range is deter- 
mined. 

b. Ranging rounds. Unless the observer has previously determined 
the gun-target line and the value of S in the vicinity of his target, he 
orders ranging rounds fired, and computes S (pars. 100 and 101). 5 is 
corrected promptly if determined by firing to be considerably in error. 

c. To get on the line. When a burst cannot be sensed positively for 
range because of its deviation from the OT line, the amount of the 
deviation is determined, in yards, and a deflection correction equal 
to that amount is made to place the next burst on the OT line. 

d. To stay on the line. When a line shot is obtained, a shift of 
one S is made for each 100-yard range change in order to keep the 
burst on the O T line. When a burst off the O T line is sensed positively 
for range, the observer’s deflection correction combines: (1) the shift 
to bring the off-line burst to the line and, (2) the shift to stay on the 
line when the range is changed. For example: the observer senses a 
burst short (50 yards right of the OT line); he decides to increase 
the range 400 yards; the S is 30; the piece is on the right. A correction 
of LEFT 50 would place the off-line burst on the line, and a shift 
of RIGHT 120 (four S’s) accompanies the range change of ADD 400 
yards; the net correction is RIGHT 70 (LEFT 50 to get on, RIGHT 
120 to stay on). The observer sends: RIGHT 70, ADD 400. 

110. FIRE FORiEFFECT, PRECISION FIRE. a. Starting fire for ef- 
fect. Fire for effect is started when the trial range is determined. 
Each round is sensed for range and deflection; for example, short , de- 
flection short ; over , deflection doubtful. 

b. Sensing by rule. When deflection is correct to within 40 yards 
or 1/2 S, whichever is smaller, rounds bursting on the side of the OT 
line away from the guns are sensed over for range; those bursting on 
the side of the OT line toward the guns are sensed short for range. In 
range-bracketing procedure, caution must be exercised when sensing 
by rule, because in this procedure deflection is not sensed during ad- 
justment, and may be abnormally in error unless bursts have been 
brought very close to the OT line. Range should be sensed by rule 
only when bursts cannot be sensed positively on the OT line or on ter- 
rain. Deflection can never be sensed by rule. 

c. Direction. On entering fire for effect, a deflection shift is made 
which will place the burst on the OT line. Based upon positive sens- 
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ings, the deflection is changed if, S or 10 yards (whichever is greater) 
until a deflection bracket is obtained. Thereafter it is split successively 
until the deflection is correct. Deflection is correct when a target hit 
is obtained, when a 10-yard deflection bracket (20-yard, for GT ranges 
greater than 10,000 yards) is split, or when a deflection over and a de- 
flection short are obtained with the same deflection setting. 

d. Range. A group of six range sensings is required. If the trial 
range is obtained by a target hit, five additional rounds are fired at 
that range. A positive sensing obtained during adjustment at a range 
used in fire for effect is counted as a round of fire for effect. When 
the trial range is the center of a 100-yard (or 1-fork) bracket, groups 
of six rounds are fired in half-groups of three until deflection is cor- 
rect, or if time permits rounds should be fired singly in order to facili- 
tate deflection adjustment. The observer specifies the number of 
rounds to be fired in each case. After the first three rounds, the 
observer sends REPEAT RANGE if both overs and shorts are obtained. 
If all rounds are short (over) the observer sends ADD (DROP) 50 
and fires enough rounds to complete the group of six. If any rounds 
are doubtful for range the observer sends REPEAT DEFLECTION, 
ONE (TWO) (FOUR) ROUNDS, REPEAT RANGE. This command 
for number of rounds remains in effect until changed by the observer. 

e. Report of sensings. After six usable rounds have been obtained, 
the observer reports the range sensings for all six rounds. The fire- 
direction center then computes the adjusted elevation. If the mission 
is destruction, the observer continues fire for effect until the target 
is destroyed; for example, 4 OVERS, 2 SHORTS, REPEAT DEFLEC- 
TION, ADJUSTED RANGE. If the mission is registration, the ob- 
server indicates when it is completed by reporting REGISTRATION 
COMPLETE. For example: 4 OVERS, 2 SHORTS, LEFT 5, REGIS- 
TRATION COMPLETE. § 

f. Types of registration. (1) SIX-ROUND REGISTRATION. 
This is the type normally used. The adjusted elevation is computed 
by fire-direction center as follows: 

(a) If the first three rounds fired for effect are all in the same sense 
and the observer has made the appropriate range change and has fired 
three more rounds, all six rounds are considered to have been fired 
at the mean of the two elevations used. 

( b ) With an equal number of overs and shorts , the adjusted eleva- 
tion is the elevation at which the group was fired. 
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(c) With unequal numbers of overs and shorts, the difference be- 
tween the number of overs and shorts (neglecting target hits) is deter- 
mined. Apply the formula: 

Difference in number of overs and shorts 

2 X number of rounds fired 

and add (subtract) the result to (from) the elevation used (or mean 
elevation). NOTE: If there were more overs than shorts, subtract; 
if there were more shorts than overs, add. In high-angle fire, the correc- 
tion is applied in the opposite direction (ch. 6, sec. III). 

( d ) Adjusted elevation is taken to the nearest mil. The fork used 
for the computation corresponds to the elevation at which the group 
was fired. 

(2) TWELVE-ROUND REGISTRATION. Normally, the six-round 
registration is sufficiently accurate for the determination of corrections. 
However, when a large quantity of ammunition is to be expended on 
unobserved fires, or when surprise fire' must be placed close to sup- 
ported troops, a ■ more accurate registration ,is indicated. Additional 
accuracy (and verification) is obtained by firing an additional group 
of six rounds at the adjusted elevation, and making one-half the cor- 
rection computed as in f (1) above. 

(3) SPECIAL REGISTRATION. A six-round registration normally 
should be used to insure accuracy and verification of sensings. A six- 
round registration has a much higher validity than a four-round regis- 
tration. However, a six-round registration may be precluded by special 
conditions, such as a target obscured by smoke prior to completion of 
mission, ammunition shortage, or the necessity of shortening the mis- 
sion in adjustment by high-performance aircraft. Four rounds are 
the minimum that should be used. Computations are made as in 
f(l) above, and are based on the number of rounds as follows: 

(a) With an equal number of overs and shorts, the adjusted eleva- 
tion is the elevation (or mean elevation) at which the group was fired. 

(b) With unequal numbers of overs and shorts, first determine the 
difference between the number of overs and shorts (neglecting target 
hits). Apply the formula given in f (1) above, and add (subtract) the 
result to (from) the elevation used (or mean elevation). 

g. Destruction. When the mission is destruction, the procedure is 
initially the same as in f (1) above. Range changes are made in forks 
instead of hundreds of yards. Fire is continued until destruction is 
complete. Elevation is adjusted after each group of six sensings; the 
change is one-half the computed amount after the second group, one- 
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third after the third, and one-fourth thereafter. Quadrant elevation 
should be taken to the nearest tenth of a mil after the adjusted eleva- 
tion for the second group is computed. Generally, cjuick fuze is usecl 
during adjustment and in the first group of six rounds in fire for 
effect, in order to avoid sensing on ricochet bursts; delay fuze is used 
in subsequent fire for effect. 

h. Time registration. (1) Following an impact registration with 
time shell, the observer begins the time registration by commanding 
REPEAT DEFLECTION, ONE ROUND, TIME FIRE, ADJUSTED 
RANGE. Since the observer does not know the time setting, he changes 
the time, setting by sending PLUS (MINUS) (so much) (in tenths of 
a second, usually in multiples of 0.4 second). If the initial round is a 
graze burst, the usual change is MINUS 8, until an air burst is ob- 
tained. When an air burst is obtained on the initial round, the multi- 
ple of 0.4 to change is indicated by the height of burst. After a bracket 
of 0.4 second has been obtained, two rounds are fired at the center of 
the bracket; for example, the observer commands REPEAT DEFLEC- 
TION, PLUS (MINUS) *2, 2 ROUNDS, REPEAT RANGE. A group 
of tour time sensings is required; rounds are fired in half-groups of 
two. 

(2) If the first half-group results in one air and one graze , the ob- 
server sends REPEAT DEFLECTION, REREAT RANGE, in order 
to obtain two more rounds at the same time setting. If both of the 
rounds in the first half-group are air (graze), one more round is fired 
at the graze (air) limit of the bracket. After four usable rounds have 
been obtained, the observer reports the time sensings for all four 
rounds; for example, 3 AIRS, 1 GRAZE, TIME REGISTRATION 
COMPLETE. The fire-direction center then computes the adjusted 
time as follows: 

(a) With an equal number of airs and grazes, the adjusted time 
is the time (or mean time) at which the group was fired. 

(b) With a preponderance of airs (grazes), the adjusted time is 0.1 
second more (less) than the time (or mean time) at which the group 
was fired. 

(3) Time registration, as outlined above, is not always sufficiently 
accurate for surprise fires delivered close to supported troops. Inac- 
curacy is due to the limited number of rounds employed to determine 
the time correction. When surprise fires are to be delivered, the time 
correction should be verified by adjusting on an auxiliary . target. If 
this is impracticable, the time registration should be repeated firing 
two groups of four rounds in effect, applying to the correction of the 
first group one-lialf the correction indicated by the second group. 
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i. Verification. No registration should be accepted as correct if 
fire for effect contains only a single round in one sense, unless there 
is evidence that the single sensing is not erratic. For example, in a 
precision registration, if fire for effect gives five overs and one short. 
unless it has been observed that the overs are so close as to rule out 
the possibility that the short is an erratic round, fire for effect should 
be repeated in half-groups of three, starting at the adjusted elevation. 
If the first half-group of three rounds results in both overs and shorts, 
or all shorts, a second series is fired to complete the group of six rounds, 
and the adjusted elevation is computed as for a twelve-round registra- 
tion. If the first half-group results in three rounds in the same sense 
as the five overs (above), the previous adjusted elevation is disregarded. 
The range is changed 50 yards (or one-half fork) in the appropriate 
direction, three more rounds are fired, and the adjusted elevation is 
computed based upon the mean range at which the group was fired. 
Similarly, in a time registration containing only a single graze, if the 
air bursts are close to the ground they may be assumed to verify the 
correctness of the graze. If the registration Contains only a single air, 
there can be no certainty of its correctness and registration must be 
verified. This is accomplished by repeating fire for effect in' half- 
groups of two rounds, beginning at the previous adjusted time. If the 
first half-group results in one or two air bursts, the last four sensings 
obtained are used to compute a new adjusted time. If the first half- 
group results in two graze bursts, time is decreased 0.2 second and a 
second half-group is fired. If the second half-group results in one 
or two air bursts, a new adjusted time is computed using the last four 
sensings obtained. If the 'Second half-group results in two graze bursts, 
the adjustment is begun anew. 

111. ADJUSTMENT, AREA FIRE. a. General. Normally, fire is 
opened with platoon volleys. A parallel sheaf is used during adjust- 
ment unless the observer designates otherwise. The object of adjust- 
ment is to enclose the target within a range bracket of suitable depth, 
with deflection correct, or to obtain target hits. This is accomplished 
by seeking an initial range bracket, and thereafter by successively split- 
ting the bracket. Ranging rounds may be ordered if desired; they are 
fired by an interior piece. When ammunition must be conserved, the 
adjustment may be started with one piece, preferably an interior one; 
the battery is brought in as desired. Quick, delay, time, or VT fuze 
may be used, depending upon the effect sought. The height of burst 
(in time fire) and range of the volley as a whole are sensed; for exam- 
ple, mixed, short; graze, over. 
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b. Direction and distribution. The deviation of the burst center 
with respect to the OT line is determined. The burst center is then 
brought to and kept on the OT line by the same procedure as for a 
single burst in precision fire (pars. 109c and d). At any time after 
the initial volley, the observer may widen, narrow, or converge the 
sheaf as desired. 



Figure 34. Sensing height of burst prior to starting fire for effect. 

In the example above, the observer’s correction for 
height of burst is DOWN 20. 



c. Height of burst. In time fire, height of burst is adjusted by 
changing site (fig. 34). Range adjustment preferably is made with 
air bursts. A good height of burst during adjustment is one which 
gives range sensings. When the initial volley results in all grazes, a 
correction of UP 40 is given. When the, volley results in mixed or 
m ixed graze, a correction of UP 20 is given. If a volley results in mixed 
air, no change is made in height of burst. When a volley results in 
airs, site can be changed to give the desired height of burst. When 
firing against targets located on steep slopes or on extremely irregular 
ground, the observer must exercise caution in adjusting the height of 
burst; an air burst below the level of the target should be treated as 
a graze; a graze burst above the level of the target should be treated 
as doubtful for height of burst. 

d. Range. Range changes are made in hundreds of yards until a 
range change of less than 100 yards is indicated. Normally, a range 



change of less than 50 yards is not made. The bracket sought in ad- 
justment depends upon the nature of the target and on knowledge of 
its location. (Once fire for effect is started, ineffective ranges of the 
bracket are eliminated.) A bracket of 200 yards is appropriate for a 
target whose location is known only approximately, such as a target 
in the vicinity of a terrain feature. A smaller bracket or an effective 
single range may be sought for a visible target. When fire of additional 
units is to be brought in following adjustment of a battery, or where 
fire is close to supported troops, a 100-yard bracket is sought in ad- 
justment, and fire for effect is started at its center. When indirect 
laying is used against a rapidly moving target, fire is placed in the 
path of the target so as to meet it. A deep bracket, quickly obtained, 
may indicate a range to be used for effect. Under certain circumstances 
it may be possible to split the bracket proportionately; for example, 
having made a 600-yard range change, ADD 600, the observer notes 
that the target is about one-third of the way between the resulting 
volley and the previous volley. His next correction for range should 
be DROP 200. If during adjustment a bracketing volley (salvo) or a 
target hit is obtained, fire for effect is started immediately. 

112. FIRE FOR EFFECT. AREA FIRE. a. Starting fire for effect. 

Fire for effect is started when a suitable adjustment has been obtained; 
that is, when deflection and range are correct, or when effective fire 
will result with the next split in bracket. In time fire, fire for effect 
is not started until the height of burst is correct (fig. 35), unless the 
observer is certain that his next correction for site will result in the 
correct height of burst. Height of burst (in time fire), range, and de- 
flection of each volley as a whole are sensed; for example, mixed air, 
over, deflection over. When a correct deflection is established, deflec- 
tion sensings may thereafter be omitted. 

b. Fuze. If ricochet action was sought in adjustment, the use of 
delay fuze is continued in fire for effect when at least 50 percent of 
the bursts which established the bracket for fire for effect were rico- 
chets. If fewer than 50 percent of these bursts were ricochets, VT or 
quick fuze is used in fire for effect. If during fire for effect fewer than 
50 percent of the bursts are ricochets, fuze is changed for subsequent 
fire for effect. When VT fuze is used, the fire-direction center makes 
the appropriate change in site. On wet terrain or in heavy foliage 
when the effect of VT fuze cannot be observed, the observer should 
adjust with quick fuze and order VT fuze when going into fire for 
effect. 
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Figure 35 . Height of burst correct {approximately 20 yards). 



c. Direction. On entering fire for effect, a deflection shift is made 
which will place the burst center on the OT line. Based upon positive 
deflection sensings, the deflection is changed by an amount equal to 
the deviation of the burst center from the OT line. Deflection is cor- 
rect when rounds from the center pieces bracket the center of the target 
for deflection. 

d. Distribution. Normally, in fire for effect a parallel sheaf is 
used when firing light and medium artillery. An open sheaf is used 
when special corrections are applied or when firing heavy artillery. 
However, the observer may narrow, widen, or converge the sheaf to 
fit a particular target. When the target is too wide to be covered effec- 
tively by an open sheaf and additional batteries are not available, the 
target is attacked by successive shifts. 

e. Height of burst. In time fire, the site change upon entry into 
fire for effect should result in a height of burst of 20 yards at the 
center of the target. Fire for effect should not be started if the last 
volley consisted entirely of graze bursts. The height of burst above the 
target may be estimated by comparison with known dimensions of ob- 
jects at the same distance from the observer. The smoke of 105-mm 
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and 155.-mm HE shell bursts is about 10 yards in diameter at the in- 
stant of bursting. 

f. Range. Fire for effect is started at the center range of the bracket 
selected. The initial range bracket for fire for effect may be the one 
obtained from adjustment or one that is slightly removed, as in cases 
of adjustment on an auxiliary target, a hillcrest, the near edge of a 
wood, or an adjusting point off the center of the target; for example, 
a bracket may be obtained on the near edge of a wood, and fire for 
effect delivered within the wood. Unless the observer otherwise desig- 
nated in his initial fire message, or directs otherwise upon entering 
fire for effect, a single battery will fire through a 200-yard zone; the 
battalion normally will fire at center range unless coverage of a larger 
area is desired. Other than a 200-yard zone (for a single battery) may 
be obtained by commanding 100-YARD ZONE, or SINGLE RANGE. 
When a single range is used, the battery fires several volleys initially; 
if a preponderance of overs or shorts results, the observer corrects the 
range to center the fire on the target. During fire for effect, ineffective 
ranges are discarded, additional ranges may be added to include the 
target, and direction and range may be changed to conform with 
movement of the target or with additional information on its loca- 
tion. If fire for effect was accurate but insufficient, the observer may 
command REPEAT FIRE FOR EFFECT. If a single battery has fired 
through a zone, and further fire is desired, the observer may select 
the best single range and command further fire for effect; for example, 
REPEAT DEFLECTION, SINGLE RANGE, ADD 50, REPEAT 
FTRE FOR EFFECT. 

g. Report of observer. Upon completion of fire for effect the ob- 
server sends MISSION ACCOMPLISHED (if fire has been effective 
and sufficient), and reports the effect which he has observed; for exam- 
ple, MISSION ACCOMPLISHED, FIRE EFFECTIVE, INFANTRY 
DISPERSED. 

113. OBSERVER ON OR VERY NEAR GT LINE (Axial observation). 

a. When the observer is on or very close to the GT line (with an S 
of less than 10) his problem is considerably simplified. During adjust- 
ment, particularly when a large range change is made, the S should be 
employed in order to keep bursts on the OT line and to facilitate sens- 
ing. However, during fire for effect it is not necessary to bracket the 
deflection since the deflection error can be measured precisely and 
correct deflection should be obtained by making a single shift. 

b. When the S is less than 10 yards, range cannot be sensed by rule, 
since deflection dispersion may lead to erroneous range sensings. 



44 




Section Hi. SUMMARY OF PRINCIPLES AND EXAMPLES, 
RANGE-BRACKETING 



114. GENERAL, a. Employ range-bracketing procedure when the ob- 
served deviation between ranging rounds is 200 yards or less. 

b. Bring bursts to the OT line by making appropriate deflection 
corrections. 

C. Keep bursts on the OT line by shifting deflection one S for each 
100-yard range change. 

115. PRECISION FIRE. a. Adjustment. The object of adjustment is 
to determine the trial range. The trial range is the range for the center 
of a 100-yard (or 1-fork) range bracket, or a range giving a target hit. 

b. Fire for effect. (1) Start fire for effect at the trial range, and 
with a deflection correction which will place the burst on the OT 
line. The. rounds are fired singly or in half-groups of three. 

(2) Based on positive deflection sensings, the deflection is moved 
i /2 S or 10 yards, whichever is greater, until a deflection bracket is ob- 
tained. Thereafter, the bracket is split until the deflection is correct. 
Deflection is correct when a target hit is obtained, when a 10-yard de- 
flection bracket (20-yard for GT ranges greater than 10,000 yards) is 
split, or when deflection over and deflection short are obtained with 
the same deflection setting. 

(3) Obtain and report to the fire-direction center a group of six 
usable range sensings. 

c. Time registration. (1) Following an impact registration with 
time-fuzed shell, begin the time registration at the adjusted range ob- 
tained from the impact registration. 

(2) Change the time setting in multiples of 0.4 second until a brack- 
et of 0.4 second is established. 

(3) Split the 0.4-second bracket, obtain four time sensings, and re- 
port them to fire-direction center. 

116. AREA FIRE. a. Adjustment. (1) The object of adjustment is 
to enclose the target within a range bracket of suitable depth, with 
deflection correct, or to obtain target hits. A bracket of 200 yards is 
appropriate for a target whose location is known only approximately; 
a smaller bracket or an effective single range m.ay be sought for a visible 
target. A 100-yard bracket should be obtained when additional bat- 
teries or battalions are to fire for effect. 
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(2) Select the type of ammunition which will be most effective 

against the target. _ 

(3) Bring the burst center to the OT line by appropriate deflection 
corrections. 

(4) In time fire, adjust the height of burst to 20 yards above the 
center of the target by correcting site. Fire for effect is not started 
until the height of burst is correct, unless the observer is certain that 
his next correction will result in the correct height of burst. 

(5) If a bracketing volley or a target hit is obtained, start fire for 
effect immediately. 

b. Fire for effect. (1) Start fire for effect when deflection and 
range (and height of burst in time fire) are correct, or when effective 
fire will result from the next split in bracket. 

(2) Start fire for effect at the center range of the bracket selected. 

(3) Upon entering fire for effect, center the fire on the target or 
area to be covered by making an appropriate deflection change. 

(4) Improve the range if the preponderance of the fire for effect 
is over or short. Improve the deflection when positive deflection sens- 
ings are obtained. Deflection is correct when rounds from the center 
pieces bracket the center of the target for deflection. 

(5) If fire for effect is ineffective or insufficient, make necessary 
corrections and command additional fire for effect. 

(6) Upon completion of fire for effect, send MISSION ACCOM- 
PLISHED and report the effect observed. 
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117. ILLUSTRATIVE EXAMPLES, a. Range-bracketing precision. Target, 
base point; mission, registration; materiel, 105-mm howitzer; ammunition, 
HE shell, quick fuze. 




Sensing 



Messages, corrections, j 
and commands 



Results 



Observer to FDC (initial 
fire message - ): 

FIRE MISSION, 
MARK BASE POINT, 
FIRE RANGING 
ROUND'S, 

PRECISION REGIS- 
TRATION, 

WILL ADJUST. 



FDC to Observer: 
BAKER, 

RANGING ROUNDS, 
FUZE QUICK, 

BASE POINT, 
WHEN READY. . . . 
ON THE WAY. 



Remarks: OT distance from map = 2000 yards. With field glasses, observer 
measures 40 mils between ranging rounds. Observed deviation = 80 yards (40 x 
2). S = 20 yards (80/4). Guns to right rear. Range-bracketing to be used. No 
range sensing obtained. 

First ranging round is 80 mils right of OT line. Observer determines shift of 
160 yards (80 x 2) necessary to bring burst to OT line. 



Observer to FDC: 
LEFT 160, 
REPEAT RANGE. 



FDC to Observer 
ON THE WAY. 



Remarks: Small deviation is ignored. Observer decides that 200-yard range 
change should give a range bracket. 
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Messages, corrections, 
and commands 



Results 




FDC to Observer: 
ON THE WAY. 



Observer to FDC: 
RIGHT 40, 

ADD 200. 



Sensing 



RN DF 



+ 




Observer to FDC: 
LEFT 20, 
DROP 100. 



FDC to Observer: 
ON THE WAY. 
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Messages, corrections, 
and commands 



Observer to FDC: 
LEFT 10, 

3 ROUNDS, 
DROP 50. 



FDC to Observer: 
ON THE WAY. 



1 


| Sensingl | 


Results 


RN 


DF 
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Sensing 



Messages, corrections, 
and commands 



Results 



Remarks: Because deflection is over, deflection is changed 10 yards in the 
proper direction. Since all rounds are over for range, range must be decreased 
50 yards. (First two rounds in fire' for effect were sensed on rule.) 



Observer to FDC 
LEFT 10, 

2 ROUNDS, 
DROP 50. 



FDC to Observer 
ON THE WAY. 
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Remarks: Deflection will be correct when 10-yard deflection bracket is split. 
Round previously fired at this. limit of bracket (first round following ranging 
rounds) resulted in range short. It is used as one round in effect. 



Observer to FDC: 
4 OVERS, 

2 SHORTS, 

RIGHT 5, 

REGISTRATION 

COMPLETE. 
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b. Range-bracketing time registration. Target, check point; mission, 
time registration (it is assumed that the observer had just completed a pre- 
cision registration on the check point using time-fuzed shell on impact); 
materiel, 105-mm howitzer; ammunition, HE shell, fuze M54; guns to left rear. 





Messages, corrections, 
and commands 



Results 



Sensing 



Remarks: Observer decides to change time setting 0.8 second. 



FDC to Observer: 
ONE ROUND, 
TIME FIRE, 
ON THE WAY. 



Observer to FDC: 

REPEAT DEFLECTION, 
MINUS 8, 

REPEAT RANGE. 



FDC to Observer: 
ON THE WAY. 



Observer to FDC: 

REPEAT DEFLECTION, 
ONE ROUND, ' 

TIME FIRE, 

ADJUSTED RANGE. 




Remarks: Bracket of 0.8 second has been obtained. 
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Messages, corrections, 
and commands 



Results 



Sensing 



Remarks: Observer has obtained 0.4-second bracket. Next, this is split and two 
rounds fired at center. 



Observer to FDC: 

REPEAT DEFLECTION,, 
PLUS 4, 

REPEAT RANGE. 



FDC to Observer: 
ON THE WAY. 




FDC to Observer: 
ON THE WAY. 



Observer to FDC: 
REPEAT DEFLECTION 
PLUS 2, 

2 ROUNDS, 

REPEAT RANGE. 
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Messages, corrections, 
and commands 



Results 



Sensing 




Remarks: Two more rounds must be fired at the same time setting to 
four time sensings. 




Observer to FDC: 
REPEAT DEFLECTION 
REPEAT RANGE. 



FDC to Observer: 
ON THE WAY. 
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Remarks: Four time sensings have been obtained. These are reported to the 
fire-direction center. Registration is now complete. 



Observer to FDC: 

3 AIRS, 

1 GRAZE, 

TIME REGISTRATION 
COMPLETE. 



Messages, corrections, 
and commands 



Results 



Sensing 




c. Range-bracketing area fire. Target, enemy mortars in, vicinity of an 
adjusting point; mission, neutralization; materiel, 105-mm howitzer; ammu- 
nition, HE shell (both M48 and M54 fuzes in battery) . 



Messages, corrections. 



Sensings 



and commands 



Results 



HB 



RN 




Observer to FDC 
fire message) : 

FIRE MISSION, 
FROM BASE POINT, 
RIGHT 400, 

DOWN 20, 

ADD 600, 

ENEMY MORTARS, 
TIME FIRE, 

WILL ADJUST. 



FDC to Observer: 
BATTALION, 
BAKER, 

TIME FIRE, 
CONCENTRATION 7, 
2 VOLLEYS, 

CENTER RANGE, 
WHEN READY.... 
ON THE WAY. 



A 



! 




Remarks: OT distance from map = 3000 yards. From previous firing in vicini- 
ty of this target, observer has determined: (1) S = 30 yards, (2) Guns to left 
rear, and (3) Range-bracketing to be used. Adjustment is begun with platoon 
volleys. Observer decides to attack the target with time fire. First voile 
pears 30 mils left and 15 mils above base of target. 



ley ap- 



Observer to FDC : 
RIGHT 100, 
DOWN 25, 
REPEAT RANGE; 



FDC to Observer: 
ON THE WAY. 



Remarks: Small deviation -is ignored. Height of burst is now approximately 
20 yards. Observer decides to make 400-yard initial range bound. 
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Observer to FDC: 
LEFT 90, 

ADD 200. 



FDC to Observer: 
ON THE WAY. 



Remarks: Since battalion is to fire for effect, observer will obtain 100-yard 
bracket before calling for fire for effect. 
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HB 



juiL-r i ou tu uu line -f 



and should be corrected. Next shift: 

nn 



Messages, corrections, 
and commands 



Observer to FDC: 
RIGHT 120, 
DROP 400. 



FDC to Observer: 
ON THE WAY. 




Messages, corrections, 
and commands 



Results 



Sensings 





HB 



RN 



Remarks: Observer lias established 100-yard bracket. Fire for effect is started 
at the center of the bracket 



Observer to FDC: 
RIGHT 15, 

DROP 50, 

FIRE FOR EFFECT. 



Observer to FDC: 
LEFT 30, 

ADD 100. _ 



FDC to Observer: 
ON THE WAY. 



FDC to Observer: 
BAKER FIRING FOR 
EFFECT. 



Remarks: First volley in effect sensed, mixed air, bracketing, deflection cor- 
rect. Remainder of fire for effect is observed and, if necessary, proper correc- 
tions are sent to FDC. 
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Messages, corrections, 




| Sensings j 


and commands 


Results 


HB 


RN 


Observer considers fire for 
effect adequate; reports to 
FDC: 








MISSION ACCOM- 
PLISHED, 

FIRE EFFECTIVE, 
MORTARS SILENCED. 
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CHAPTER 4 

CONDUCT OF FIRE BY 
DEFLECTION-BRACKETING PROCEDURE 

Section I. GENERAL 



118. EMPLOYMENT. Deflection-bracketing procedure is employed 
when the observed deviation between ranging rounds is greater than 
200 yards (pars. 100 and 1.01). The observer is then considerably to one 
side of the GT line, and he can determine range error more accurately 
than deflection error. Deflection, therefore, is the controlling element. 

119. DEFLECTION BOUNDS, a. First bounds. Deflection is changed 
only when a positive deflection sensing is obtained. After a round or 
salvo has been sensed positively, the first deflection bound is made 
large enough to bracket the target. A deflection bound of less than 
the bracket sought is not made until that bracket has been obtained. 
When the approximate amount of the deflection error cannot be esti- 
mated, the following may be used as a guide in determining the amount 
of the initial deflection bound. 

(1) One S, for map data corrected. 

(2) Two S’s when using map data or when making a small shift 
from a previous target. 

(3) Four S’s when using data obtained by approximate methods. 
Normally, an initial bound greater than 400 yards is not required. 

b. Bounds close to friendly troops. Fire close to friendly troops 
is opened with a deflection and a range which are surely safe. Deflec- 
tion and range are then changed by bounds which are safe, until a 
deflection bracket or a correct deflection is obtained. 

120. COMPUTATION OF RANGE FACTOR Id), a. In deflection 
bracketing, bursts are brought to the OT line by range changes. To 
facilitate bringing off-line bursts to the OT line, a range factor ( d ), 
in mils, is employed by the observer. To determine this factor, the ob- 
server measures the deviation in mils between ranging rounds and di- 
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vides this angle by 4 to obtain the angular deviation caused by a 100- 
yard range change. The measured deviation of off-line bursts is di- 
vided by d to determine the number of 100-yard range bounds neces- 
sary to bring bursts to the OT line. When the observer is so close to 
the target that the use of angle-measuring instruments is impracticable, 
he is able to estimate the amount of range change necessary to place 
an off-line burst on the OT line, and the use of d is not necessary in 
this case.' His estimation of range error is facilitated by the use of a 
“yardstick” established by ranging rounds or by other firing in the 
vicinity of his target. 

b. The value of d may be determined also: (1) from firing tables; 

1/10T 

(2) approximately, by computation, using the formula d = if 

r 

T is less than 600 mils. 



Section II. PROCEDURE 



121. ADJUSTMENT. PRECISION FIRE. a. General. Adjustment is 
by single piece. Each round is sensed for deflection; for example, 
deflection short , or deflection doubtful. The object of adjustment is 
to obtain a trial deflection. The trial deflection is a deflection giving 
a target hit, or a deflection for the center of a 1-S bracket, or a deflec- 
tion for the center of a bracket of 80 yards or less when .S’ is greater 
than 80 yards. In order to obtain a trial deflection, an initial deflec- 
tion bracket is sought; thereafter, the bracket is successively split until 
a trial deflection is obtained. 

b. Ranging rounds. Unless the observer has previously determined 
the gun-target line, and the values of S (pars. 100 and 101) and d (par. 
120) in the vicinity of the target, he orders ranging rounds fired and 
determines the factors. Factors are corrected promptly if determined 
by firing to be considerably in error. 

c. To get on the line. When a burst cannot be sensed positively 
for deflection because of its deviation from the OT line, the amount 
of the deviation is measured in mils, and a range correction to place 
the next burst on the OT line is determined by dividing the deviation 
by d and multiplying by 100. For example: The observer senses de- 
flection doubtful (80 mils right of the OT line); the d is 20; the piece 
is on the right. The range change to place the next burst on the line 
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is 80/20 X 100 = 400 yards. The observer sends: REPEAT DEFLEC- 
TION, ADD 400. It may be necessary to bracket the line with range 
changes to secure line shots. Because of dispersion and irregular 
ground, it often may be difficult to obtain successive line shots. Minor 
^deviations should be ignored unless it is impossible to obtain sensings. 

d. To stay on the line. (1) When a line shot is obtained, a range 
change of 100 yards is made for each 1 -S deflection change in order 
to keep the burst on the OT line. When a burst off the OT line is 
sensed positively for deflection, the observer’s range correction com- 
bines: (1) the range change to bring the off-line burst to the line, and 
(2) the range change to stay on the line when the deflection is changed. 
For example: The observer senses deflection short (burst is 60 mils 
left of the OT line); he decides to shift the deflection 2 S’s; the d is 30: 
S is 70; the piece is on the left. A correction of ADD 200 (60/30 X 
' 100) places the burst on the line, and . a range change of ADD 200 ac- 
companies the deflection shift of LEFT 140; the net range correction 
is ADD 400 (ADD 200 to get on, ADD 200 to stay on). The observer 
sends: LEFT 140, ADD 400. \ 

(2) When a deflection bracket is obtained, it is split. Thereafter, 
bursts are kept on or near the OT line by splitting the range bracket 
between sensed rounds. In the case of sensings obtained from bursts 
not on the OT line, the observer must modify this range bracket to 
bring off-line bursts to the line, and then split the resulting bracket. 
For example: during adjustment a line shot has been obtained and 
the observer sensed deflection short; he decides to shift the deflection 
2 S’s; S is 70; the piece is on the right. He commands RIGHT 140, 
ADD 200. The next burst is to the left of the OT line, but he obtains 
a sensing of deflection over. With the use of the range factor, he de- 
termines that a correction of DROP 40 would place the last burst 
on the OT line; therefore he would consider his range bracket to be 
1 60 yards instead of 200 yards, and his next correction should be LEFT 
70, DROP 120 (DROP 40 to get on the line, DROP 80 to split his 
effective range bracket of 160 yards). This correction should place 
the next burst on or very near the OT line. The brackets are narrowed 
until the trial deflection is determined. 

122. FIRE FOR EFFECT, PRECISION FIRE. a. Starting fire for ef- 
fect. Fire for effect is started when the trial deflection is determined. 
Each round is sensed for both range and deflection as in fire for effect 
in precision fire, range-bracketing (par. 110a). Range may be sensed 
by rule (par. 1 10b). 



62 




b. Direction. The deflection bracket is split successively until de- 
flection is correct. Deflection is correct when a target hit is obtained, 
when a 10-yard deflection bracket (20-yard, for GT ranges greater 
than 10,000 yards) is split, or when a deflection over and a deflection 
short are obtained with the same deflection setting. 

c. Range. Fire for effect is started with a range which will place 
the bursts on the OT line. Normally, the mean of ranges used when 
the trial deflection was established is satisfactory. Range adjustment 
continues as in range-bracketing precision, with the following excep- 
tions: 

(1) Rounds fired during adjustment normally are not considered 
in computing adjusted elevation. When the three rounds of the first 
half-group are all in the same sense, range is changed 50 yards in the 
proper direction, and a second half-group of three rounds is fired. The 
resulting range is not necessarily a range which established the trial 
deflection. The adjusted elevation is computed on this series of six 
rounds if both overs and shorts are obtained. When the rounds are 
all in the same sense, the range is changed 50 yards in the proper di- 
rection and additional half-groups of three rounds are fired until 
rounds in v the opposite sense are obtained. The last six rounds fired 
are used to compute the adjusted elevation. 

(2) Although a group of six rounds usually is sufficient to deter- 
mine adjusted elevation in a registration, it may be necessary to con- 
tinue fire by single rounds in order to complete the deflection adjust- 
ment. If six of these additional rounds are fired, advantage should 
be taken of them to improve the adjusted elevation. 

d. Report of sensings. The observer reports sensings as in range- 
bracketing procedure (par. llOe). 

123. ADJUSTMENT, AREA FIRE. a. General. Fire is begun with a 
parallel sheaf (or open sheaf, when appropriate), which is not changed 
during adjustment. Platoon or battery salvos, beginning from the 
flank away from the observer, are used. The object of adjustment 
is to enclose the target within a 100-yard (or smaller) deflection bracket, 
or to obtain target hits; this is accomplished by seeking an initial 
deflection bracket, and thereafter by successively splitting the bracket. 
Ranging rounds may be ordered if desired; they are fired by an in- 
terior piece. Quick, delay, time, or VT fuze may be used, depending 
upon the effect sought. Height of burst (in time fire) and deflection 
of the salvo as a whole are sensed; for example, mixed air , deflection 
short. If, during adjustment, a target hit is obtained or a salvo brackets 
the target for deflection, fire for effect is started immediately. 
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b. Range. The deviation of the burst center with respect to the 
OT line is determined. The burst center is then brought to and kept 
on the OT line by the same procedure as for a single burst in precision 
fire (pars. 121c and d). 

c. Height of burst. Height of burst is corrected by the observer^ 
as in range-bracketing area fire (par. 111c.) 

124. FIRE FOR EFFECT. AREA FIRE. a. Starting fire for effect. 

Fire for effect is started when a deflection bracket of 100 yards is split, 
or when target hits are obtained or a salvo brackets the target for de- 
flection. A target hit or a salvo which brackets the target for deflec- 
tion establishes the amount of the deflection error; a correction of this 
amount is made on entering fire for effect. In time fire, fire for effect 
is not started until the height of burst is correct, or until the observer 
is certain that his next correction for site will result in the correct 
height of burst. Height of burst (in time fire), range, and deflection 
are sensed for each volley as a whole; for example, mixed air, over, de- 
flection over. When a correct deflection is established, deflection 
sensings may thereafter be omitted. 

b. Fuze. The fuze is selected by the observer as prescribed in range- 
bracketing (par. 112b). 

c. Direction. Deflection is improved when positive deflection sens- 
ings are obtained. Deflection is correct when rounds from the center 
pieces bracket the center of the target for deflection. 

d. Distribution and height of burst. These are corrected, when 
necessary, in the same manner as prescribed in range-bracketing (pars. 

1 1 2d and e). 

e. Range. The deflection change for the initial volley is accom- 
panied by a range change to center the fire on the target or area to 
be covered. During fire for effect, the observer makes necessary range 
corrections in the same manner as discussed in range-bracketing area 
fire (par. 112f). 

f. Report of observer. Upon completion of fire for effect, the 
observer sends MISSION ACCOMPLISHED (if fire has been effective 
and sufficient) and reports the effect which he has observed; for ex- 
ample, MISSION ACCOMPLISHED, FIRE EFFECTIVE, INFAN- 
TRY DISPERSED. 
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125. FLANK OBSERVATION. As the OT line approaches the per- 
pendicular to the GT line, the observer must modify the procedure 
described above for staying on the line. The true value of S increases 
very rapidly as the observer’s position approaches the flank of the 
target; for example, when the observer approaches to within 3 00 mils 
of the perpendicular to the GT line, the value of S has increased to 
approximately 340 yards. Based upon firing, the observer may find 
it necessary to make very small range changes (or no range change at 
all) to keep bursts on the OT line .when a deflection shift is made. 

Section III. SUMMARY OF PRINCIPLES AND EXAMPLES, 
DEFLECTION-BRACKETING 



126. GENERAL, a. Employ deflection-bracketing procedure when the 
observed deviation between ranging rounds is greater than 200 yards. 

b. Bring bursts to the OT line by making appropriate range correc- 
tions. 

c. Keep bursts on the OT line by making a 100-yard range change 
for each 1-S deflection shift. 

127. PRECISION FIRE. a. Adjustment. The object of adjustment is 
to determine the trial deflection. The trial deflection is a deflection 
giving a target hit, or a deflection for the center of a 1-S bracket, or 
a deflection for the center of a bracket of 80 yards or less when S is 
greater than 80 yards. 

b. Fire for effect. (1) Start fire for effect at the trial deflection, 
and with a range correction which will place the bursts on the OT 
line. The rounds are fired singly or in half-groups of three. 

(2) Based upon positive deflection sensings, improve the deflection 
until it is correct. Deflection is correct when a target hit is obtained, 
when a 10 : yard deflection bracket (20-yard, for GT ranges greater than 
10,000 yards) is split, or when deflection over and deflection short are 
obtained with the same deflection setting. 

(3) Obtain and report to fire-direction center a group of six usable 
range sensings. 

c. Time registration. Same as in summary of principles, range- 
bracketing (par. 115c). 
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128. AREA FIRE. a. Adjustment. (1) The object of adjustment is to 
enclose the target within a 100-yard (or smaller) deflection bracket. 

(2) Select the type of ammunition which will be most effective 
against the target. 

(3) Bring the burst center to the OT line by appropriate range 
corrections. 

(4) In time fire, adjust the height of burst to 20 yards above the' 
center of the target by correcting site. Fire for effect is not started 
until the height of burst is correct, or until the observer is certain that 
his next correction will residt in the correct height of burst. 

(5) If a target hit is obtained or a salvo brackets the target for de- 
flection, start fire for effect immediately. 

b. Fire for effect. (1) Start fire for effect when splitting a 100-yard 
(or smaller) deflection bracket, or when target hits are obtained or a 
salvo brackets the target for deflection. 

(2) Upon entering fire for effect, center the fire on the target or 
area to be covered by making an appropriate range change. 

(3) Improve deflection when positive deflection sensings are ob- 
tained. Improve range when the preponderance of the fire is over or 
short. Deflection is correct when rounds from the center pieces bracket 
the center of the target for deflection. 

(4) If fire for effect is ineffective or insufficient make necessary cor- 
rections and command additional fire for effect. 

(5) Upon completion of fire for effect, send MISSION ACCOM- 
PLISHED and report the effect observed. 
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129. ILLUSTRATIVE EXAMPLES. „a. Deflection-bracketing precision. 

Target, check point; mission, precision registration; materiel, 105-mm how- 
itzer; ammunition, HE shell, quick fuze. 



Messages, corrections. 



Sensings 



and commands 



Results 



KN 



DF 



Observer to PDC: 

FIRE MISSION, 

MARK CHECK POINT 1, 
FIRE RANGING 
ROUNDS, 

PRECISION REGISTRA- 
TION, 

WILL ADJUST. 



FDC to Observer: 
ABLE, 

RANGING ROUNDS, 
FUZE QUICK, 
CHECKPOINT!, 
WHEN READY. . . . 
ON THE WAY. 





Remarks: Deflection sensing obtained from second ranging round. OT dis- 
tance from map = 2000 yards. With field glasses, observer measures 125 mils 
between ranging rounds. Observed deviation = 250 yards (125 x 2). S = 80 
yards. Range factor = 30 mils (125/4). Deflection-bracketing to be used. Ob- 
server decides to make 4-S shift. Since first burst is 400 yards off line (in 
range) no range change will be required to place next burst on OT line when 
4-S deflection shift is made. 



Observer to FDC: 
LEFT 320, 
REPEAT RANGE. 



FDC to Observer: 
ON THE WAY. 



Remarks: S appears to be satisfactory. 
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Messages, corrections, 
and commands 



Results 



Sensings 



RN 



DF 



Observer to FDC: 
RIGHT 160, 
ADD 200. 



FDC to Observer: 
ON THE WAY. 




Remarks: To bring next burst to the OT line, change in range of 50 yards 
(15/30 X 100) is indicated. 




Observer to FDC:' 

REPEAT DEFLECTION,! 
DROP 50. 



FDC to Observer: 
ON THE WAY. 



Remarks: Range bracket between sensed rounds is now 150 yards (200 - 50) . 
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Messages, corrections, 
and commands 



Observer to PDC: 
LEFT 80, 

DROP 75. 



FDC to Observer: 
ON THE WAY. 



Results 



Sensings 



RN 



DF 



Remarks: Range bracket is now 75 yards; deflection bracket is 80 yards. With 

next split in deflection bracket, observer is ready to begin fire for effect. 




Observer to FDC: 
RIGHT 40, 

3 ROUNDS, 
ADD 40. 



FDC to Observer: 
ON THE WAY. 
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Messages, corrections, 
and commands 



Results 



Sensings 



RN DF 
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Messages, corrections, 
and commands 



Results 



Sensings 
RN | DP 



Observer to FDC: 
LEFT 20, 

REPEAT RANGE. 



FDC to Observer; 
ON THE WA Y. 
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Messages, corrections, 
and commands 



Results 



Sensings 



RN I DF 



Remarks: Deflection is correct, since both deflection over and deflection short 
were obtained at the same deflection setting. 



Observer to FDC: 

3 OVERS, 

3 SHORTS, 

. REGISTRATION 
COMPLETE. 



b. Deflection-bracketing area fire. Target, infantry reserves assembling 
in vicinity of an adjusting point; materiel, 105-mm howitzer; ammunition, 
HE shell (M48, M54, and M97 fuzes available). 





Messages, corrections, 
and commands 



Results 



Sensings 
RN I DF 



Observer to FDC: 

FIRE MISSION, 

FROM CONCENTRA- 
TION 6, 

REPEAT DEFLECTION, 
UP 20, 

ADD 500, 

INFANTRY RESERVES 
ASSEMBLING, 

SALVO LEFT, 

VT FUZE IN EFFECT, 
WILL ADJUST. 



FDC to Observer: 
BATTALION, 
CHARLIE, 

SALVO LEFT, 

FUZE QUICK, 

VT FUZE IN EFFECT, 
CONCENTRATION 27, 
S VOLLEYS, 

1J2 C APART, 

WHEN READY. . . . 

ON THE WAY. 




Remarks: OT distance from map = 1500 yards. From previous firing in the 
vicinity of this target, observer has determined: (1) S — 100 yards, (2) d = 50 
mils, (3) Guns to left rear, and (4) Deflection-bracketing to be used. Adjustment 
is begun with platoon salvos. First salvo appears 75 mils left of target. To bring 
burst to line, ADD 150 (75/50 x 100). FDC will give observer cavitized shell 
with quick fuze during adjustment. 



Observer to FDC: 

REPEAT DEFLECTION, 
ADD 150. 



FDC to Observer: 
ON THE WAY. 



Remarks: Observer believes that 2-S shift will give a deflection bracket. 
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Messages, corrections, 
and commands 



Sensings 



Results 



RN 



DF 




Observer to FDC: 
RIGHT 200, 
DROP 200. 



FDC to Observer: 
ON THE WA Y. 




Observer to FDC: 
REFT 100, 

ADD 100. 



FDC to Observer: 
ON THE WA Y. 



Remarks: Observer can begin fire for effect with next split in deflection 

bracket. When observer orders fire for effect, FDC will order VT fuze and 
make compensating site correction. 
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Messages, corrections, 
and commands 



Results 



Sensings 
RN I DF 



Remarks: First volley is sensed range correct, deflection correct. Remainder 
of fire for effect is observed and, if necessary, proper corrections are sent to 
FDC. 



Observer to FDC: 
RIGHT 50, 

DROP 50, 

FIRE FOR EFFECT. 



FDC to Observer: 
CHARLIE FIRING FOR 
EFFECT. 



Observer considers fire 
for effect adequate; reports 
to FDC: 

MISSION ACCOM- 
PLISHED, 

FIRE EFFECTIVE, 

INFANTRY 

DISPERSED. 
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CHAPTER 5 

AIR OBSERVATION AND ADJUSTMENT 
OF NAVAL GUNFIRE 

Section I. AIR OBSERVATION 



130. GENERAL, a. An air observer may be a pilot or any other indi- 
vidual trained in air observation of artillery fire. The pilot of an air- 
craft normally should be furnished an observer and should not be 
called upon to pilot the aircraft and observe at the same time. 

b. Appropriate missions for the air observer include: 

(1) Adjustment on targets. 

(2) Registration. 

(3) Searching for targets. 

(4) Surveillance of fire. 

c. The normal means of communication between airplane and 
ground is two-way radiotelephone. Other means may be used when 
necessary. 

d. The tactical employment of organic air observation is described 
in FM 20-100 (when published). Adjustment of artillery fire from 
high performance aircraft is discussed in section II, appendix VIII, FM 
6-40. 

131. PREARRANGEMENT, a. The pilot and air observer should be 
briefed daily. Routine matters to be covered include: 

(1) Tactical situation (friendly and enemy). 

(2) Location and zone of action of supported troops. 

(3) Location of position areas and panel stations. 

(4) Nature and location of known targets. Whenever possible, tar- 
gets should be pointed out on an oblique photograph. 

(5) Location of suspected targets and areas to be searched. 

(6) Location and description of base point, check points, concen- 
trations, and any special fires which have been planned. 

(7) Flight restrictions. 

(8) Details of communication. 

(9) Code compass and code range, if any. 

(10) Any maps, photomaps, or photos of value. 
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b. The observer should be assigned specific missions and should be 
given definite instructions before he leaves the ground. 

c. Before taking off and immediately after becoming airborne, the 
observer should check radio communications. 

132. PROCEDURE, a. General. The principle of bracketing the tar- 
get for range (and for deflection in precision adjustments, or in any 
adjustment when the observer must remain well to the flank) applies 
in air observation as well as in ground observation. The air observer 
often adjusts fire at long observing ranges, and he may not be aided 
by observing instruments; obtaining proper brackets (as discussed in 
range-bracketing procedure) is essential to successful accomplishment 
of his 'mission. At short observing ranges, the observer’s commanding 
observation permits him to make accurate estimations of range and 
deflection errors. At these short ranges, the experienced observer is 
able to place accurate area fire on the target without establishing 
brackets. For this technique, a definite “yardstick” on the ground 
must be established. Since the position of the observer with respect 
to the target is continually changing, it is vitally important for him 
to visualize the GT line on the ground throughout an adjustment. 
The GT line is easy to visualize when the observer flies above the 
position area or near the GT line. 

b. Adjustment on targets. (1) Range-bracketing procedure is used, 
with the following modifications: 

(a) Corrections are based upon observed errors from the GT line, 
and the observer need not coordinate range and deflection corrections 
in order to keep bursts on the OT line. Procedure during adjustment 
consists of determining the amount of deflection error, obtaining cor- 
rect deflection by making the indicated shift (or by bracketing deflec- 
tion, if necessary), and bracketing the target for range. 

( b ) The observer uses no factors. 

(c) Normally, ranging rounds are not required. However, if the 
observer finds it necessary, he may order ranging rounds fired in order 
to establish the GT line and a “yardstick” on the ground. 

(2) Estimation of the height of air bursts may prove difficult; how- 
ever, the air observer can see the location of the effect with respect to 
the target much more readily than can the ground observer. 

(3) As an aid to the observer and pilot, the fire-direction center may 
employ the warning, SPLASH (par. 104c). A time-of-flight signal is 
especially necessary when adjusting at long ranges, as it gives the pilot 
time to maneuver for a favorable position from which to observe the 
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burst. If the observer has difficulty in picking up the rounds, smoke 
shell or a high air burst may be used to locate the burst. 

(4) To prevent losing the target when the airplane is turned, a well- 
defined reference point on the ground should be used. 

c. Center of impact registration. (I) A single preliminary round 
is fired in the area where the center of impact is desired. If the burst 
is on or near some terrain feature identifiable on the map or air photo, 
the observer commands ‘REPEAT DEFLECTION, SIX ROUNDS, RE- 
PEAT RANGE. Otherwise he moves the initial burst to a better loca- 
tion and fires six rounds. 

(2) The observer marks the center of impact on a map or photo. 
He then may report the' coordinates of the center of impact, drop the 
marked map or photo at the fire-direction center, or land and deliver 
the information. 

d. Completion of a mission. Upon the completion of a mission, 
the fire-direction center may give the observer additional missions; 
or if other missions have been prearranged, the fire-direction center 
may send FOLLOW INSTRUCTIONS. Upon completion of all mis- 
sions, the fire-direction center sends NO FURTHER NEED OF YOU; 
GO HOME. If the plane is forced down, the observer sends GOING 
HOME or FORCED TO LAND. 

133. ILLUSTRATIVE EXAMPLE. While on a patrol mission, an air 
observer of a 155-mm howitzer battalion sees a traffic jam of enemy 
vehicles at a road junction. He identifies the road junction on his map 
and establishes radio communication with the battalion fire-direction 
center. 
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Messages, corrections, 
and commands 


Results 


Remarks 


Observer to FDC: 

FIRE MISSION, 
KING GEORGE 3279, 
TRAFFIC JAM, 

15 VEHICLES, 


irn . .. . 




WILL AIM US I. 

FDC to' Observer: 
BATTALION, 

ABLE, 

FUZE QUICK, 
CONCENTRATION 9, 
3 VOLLEYS, 

CENTER RANGE, 
WHEN READY. . . . 
ON THE WAY. 






Observer to FDC: 

REPEAT DEFLECTION, 
ADD 400. 

FDC to Observer: 

ON THE WAY. 






Observer to FDC: 
RIGHT 100, 
DROP 200. 

FDC to Observer: 
ON THE WAY. 


m ■ l » >l i * 

BIT""’ : m 

^ 7**~ 

/ 




Observer to FDC: 

LEFT 50, 

ADD 100, 

FIRE FOR EFFECT. 

FDC to Observer: 

ABLE FIRING FOR 
EFFECT.... 

BAKER AND CHARLIE 
FIRING FOR EFFECT. . . . 
ROUNDS COMPLETE, 
ABLE. . . . 

ROUNDS COMPLETE, 
BAKER AND CHARLIE. 




FDC orders WP 
smoke mixed with 
the HE shell in fire 
for effect to add 
incendiary effect,. 


Observer to FDC: 
MISSION ACCOM- 
PLISHED, 

FIRE EFFECTIVE, 
SEVERAL VEHICLES 
BURNING, 

OTHERS DISPERSED. 
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Section II. ADJUSTMENT OF NAVAL GUNFIRE 



134. GENERAL, a. T he technique of employment of naval gunfire 
in support of ground operations is basically the same as for the em- 
ployment of field artillery, but is subject to certain obvious advantages 
and limitations inherent in weapons fired from ships. 

(1) The advantages are: 

(a) Larger calibers and increased rates of fire. 

(b) Mobility which enables selection of favorable lines of fire. 

(c) The fact that the support received is without any compensating 
burden on ground force ammunition supply agencies. 

(2) The disadvantages are: 

(a) Navigational restrictions within firing sectors. 

(b) Limited ammunition capacity of firing ships. 

(c) Flat trajectories, except when reduced charges are provided. 

( d ) A new target must be designated by chart location unless it 
can be taken under fire immediately by shifting from the last target 
fired upon, or it must be designated with reference to a point clearly 
identified by line of sight from the firing ship. 

(e) Radical turns or reversal of course by the firing ship may require 
a new adjustment or a delay in firing due to inherent lags of the fire 
control system. 

( f ) When the ship is firing while underway, the line of fire is con- 
stantly changing. 

b. The adjustment of naval gunfire by ground observers follows 
the same basic technique as that prescribed for the adjustment of field 
artillery fire. Normally, communication is by radio, direct between the 
observer and the firing ship. 

c. Ground adjustment of fire and establishment of the necessary 
communications are performed by the shore fire control party. This 
party consists of ground observers, ground communications personnel, 
and such naval personnel as may be assigned by the amphibious force 
commander. 

d. After the artillery commander goes ashore, an artillery liaison 
officer familiar with the capabilities and limitations of naval gunfire 
should work with the naval gunnery officer aboard the amphibious 
force flagship controlling the naval gunfire. Similarly, a naval liaison 
officer should be at the ground fire-direction center whenever feasible. 
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135. SPECIAL CONSIDERATIONS. NAVAL GUNFIRE, a. Weapons 
available. (1) A variety of weapons is available for use in support 
of ground troops, dependent upon the type of firing ship which may 
be assigned. These weapons include 16-inch, 14-inch, 12-inch, 8-inch, 
6-inch, and 5-inch guns on combatant ships, and 5-inch rockets and 
4.2-inch chemical mortars from gunboats. 20-mm and 40-mm guns are 
available from all fire support ships, but range limitations restrict 
their use to targets near the shore line. Of the weapons listed, the 
rockets and mortars are used generally in prearranged fire on area 
targets, the 5-inch and 6-inch guns are used in close support of ground 
troops, and the larger calibers usually are directed at targets well within 
the enemy lines, and are adjusted by air observers. Any and all weap- 
ons, however, can be adjusted by ground observers. 

(2) Guns of 5-inch caliber and larger are provided with bombard- 
ment ammunition which gives a fragmentation effect roughly compar- 
able to field artillery projectiles of equivalent size. In addition, the 
armor-piercing projectiles normally used in fleet surface engagements 
are available. Illuminating shell is available for 5-inch and 6-inch 
guns; white phosphorus is available only for 5"/38 guns (the standard 
destroyer weapon). A reduced charge (1200 f/s) has been developed 
for use with the 5"/38 gun, and provides a trajectory roughly equiva- 
lent to that given by the use of charge 4 in the 105-mrn Howitzer, M2. 

(3) Fuze types vary with different calibers and projectiles, but gen- 
erally include quick, delay, mechanical time, and VT. 

b. Pattern. (1) Normally, supporting fire is delivered with four 
guns firing with a converged sheaf. 

(2) With bombardment ammunition fired with reduced charge, the 
range pattern of a salvo fired from a single ship varies from approxi- 
mately 75 to 125 yards for the 5-inch gun to 500 yards for the 16-inch 
gun. When the salvo is converged on a point target, the deflection 
pattern is roughly 10 percent of the range pattern. With the 5-inch 
shell, fragmentation is such as to give effective coverage of an area 
approximately 70 yards in width by 125 yards in depth. (The navy 
term “salvo” corresponds to the field artillery term “volley.”) 

136. PRINCIPLES GOVERNING OBSERVER. In order to obtain an 
accurate and rapid adjustment on a target, the observer must employ 
the following principles when adjusting naval gunfire. 

a. Give a brief but complete target description to enable the naval 
gunnery officer to make the best possible selection of projectile and 
fuze. 
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b. Obtain accurate initial data. 

c. Make bold changes. 

d. Bracket the target for both range and deflection. 

e. Act only on positive sensings. 

f. Conserve ammunition. 

g. Shoot fast. 

h. Visualize or shoot in the GT line; bear in mind that normally 
the ship is moving. 

i. Be alert to make compensating corrections if the center of impact 
tends to creep due to motion of the' firing ship or lag in fire control 
mechanism. 

j. Observe closely the effectiveness of the fire for effect and make 
corrections when indicated. 

137. PREARRANGEMENT. Rehearsals and training between observers 
and fire support ships should precede each operation. The observer 
must be furnished the necessary maps or map substitutes to be used in 
the designation of targets. He must also be furnished and be familiar 
with the grid system and codes that are to be used. The observer must 
understand the plan of communication between himself and the firing 
ship. 

138. INITIAL FIRE MESSAGE. In the initial fire message sent to 
the firing ship, the observer includes the elements listed in paragraph 
103. The following are the minor differences which must be borne 
in mind when adjusting naval gunfire. 

a. Targets may be designated by one of the following methods: 

(1) By grid coordinates. 

(2) By the 200-yard target squares of the World Polyconic Grid. 

(3) By a shift from the last target fired upon. 

(4) By a shift from a known point (a prominent point visible from 
the sea or, more usually, the radar beacon position established by the 
shore fire control party). 

b. It is mandatory that the observer send the classification of fire 
(CLOSE or DEEP). The classification of fire permits the naval gun- 
nery officer to decide the caliber of guns to be used. 

c. The observer may include (SO MANY) GUNS FOR ADJUST- 
MENT. If he does not include this element, the naval gunnery officer 
makes the decision as to the number of guns to use for adjustment. 
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139. INFORMATION SENT TO OBSERVER, a. The supporting ship 
informs the observer whether it is able to fire the mission. 

b. When the ship fires, the observer is notified ON THE WAY. 
Five seconds before the round strikes or bursts, the warning SPLASH 
is transmitted. 

C. To signify completion of fire for effect, the firing ship transmits 
ROUNDS COMPLETE. 

d. When the observer has sent AT MY COMMAND, the firing ship 
transmits READY to indicate that the ship is ready to fire. 

140. ADJUSTMENT OF FIRE. a. General. (1) Usually adjustment is 
conducted using one or two guns. Additional guns are brought in for 
fire for effect. The number of guns which can be employed is depend- 
ent upon the type of ship and varies front four to six 5-inch guns on 
a destroyer to nine 16-inch and ten 5-inch guns on the newer battle- 
ships. 

(2) The principles of conduct of fire by area fire methods (chs. 
3 and 4) are employed. If the target can be seen from the ship, the 
ship may take over the adjustment after it has positively identified 
the target. In this manner, adjustment can be conducted most rapidly; 
the ground observer performs surveillance of fire. Destruction missions 
may be fired if the target can be observed from the ship. 

b. GT line. Determining the GT line and keeping it constantly in 
mind as the ship maneuvers offshore is a problem peculiar to the ad- 
justment of naval gunfire by ground observation. The Navy does not 
employ ranging rounds, but any of the following methods of deter- 
mining the GT line may be used: 

(1) The observer may fire two rounds or salvos at different ranges, 
and observe the direction of the change on the ground. 

(2) If the ship has been directed to operate within a given sector, 
its general location will be known to the observer. 

(3) If no sector has been designated, the observer may request the 
location o‘f the ship, either by grid coordinates or by the range and 
bearing from any easily identified object. 

(4) The direction of the ship from the observer may be determined 
by use of a radar beacon such as is normally supplied to shore fire 
control parties. The observer may request the bearing to the beacon 
or the bearing of the line of fire determined by the firing ship, and 
thus anticipate the line of fire on the ground. 
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c. Factors. The value of S (and the range factor, where appro- 
priate) may be determined by commanding two rounds or salvos fired 
a known distance apart (400 or 800 yards), determining the observed 
deviation, and proceeding as discussed in paragraphs 101 and 120. The 
observer must take into account the fact that since his guns may be 
continually moving, his factors will change somewhat between rounds. 

d. Deflection and range corrections. During adjustment these 
corrections are determined in the same manner and are given in the 
same sequence as in conduct of field artillery fire. 

e. Distribution. Normally, the sheaf used in firing is converged and 
is not changed by the observer. 

f. Height of burst. When time fire is used, height of burst is ad- 
justed (in the same manner as in field artillery fire) so that bursts occur 
from 15 to 20 yards above the target. 

g. Fire for effect. (1) Fire for effect is started when a suitable ad- 
justment has been obtained, i.e., when deflection and range (anti 
height of burst in time fire) are correct, or when effective fire will 
result with the next split in bracket. When range-bracketing proce- 
dure is used, the observer should not enter fire for effect until he has 
split a 100-yard range bracket, or has obtained a bracketing salvo or 
a target hit; in deflection-bracketing, fire for effect is started when the 
trial deflection (par. 121) is determined. 

(2) If fire for effect is accurate and sufficient, the observer sends 
MISSION ACCOMPLISHED, and reports the effect observed. If 
necessary, the observer may send any appropriate corrections deter- 
mined from the initial fire for effect, and command REPEAT FIRE 
FOR EFFECT. 

(3) If the target covers an area greater than the pattern of the ship’s 
fire for effect, the entire area is covered by successive shifts; for exam- 
ple, the observer might command LEFT 70, REPEAT RANGE, RE- 
PEAT FIRE FOR EFFECT. 



141. ILLUSTRATIVE EXAMPLE. Target, infantry weapons in the vi- 
cinity of a terrain feature; mission, neutralization; materiel, 5-inch 
gun. 
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Messages, corrections, 
and commands 



Results 



Sensings 
RN I DF 



Observer to Ship: 

FIRE MISSION, 

1760 KING, 

INFANTRY WEAPONS, 
DEEP, 

WILL ADJUST. 



Ship to Observer: 

(Initial fire message re- 
peated for verification.) 
ON THE WAY . . . . 
SPLASH. 



Remarks: OT distance from map = 1600 yards. Observer decides to make large 
range change to shoot in GT line and determine factors. Since the observer does 
not know the direction of fire, this round must be sensed doubtful. 




Ship to Observer: 

ON THE WAY. . . . 
SPLASH. 



Observer to Ship: 

REPEAT DEFLECTION, 
ADD 800. 



Remarks: GT line is shot in, and it is now apparent that the first round was 
short for range; thus the observer has established an 800-yard range bracket. 
Deviation between the first two rounds is determined to be 160 yards (100 X 
1.6). S of 20 (160 -f- 8) will be used initially. Ship is on observer’s left. Range- 
bracketing will be used. To get on line - LEFT 90 (55 x 1.6). To stay on line 
when the range is decreased 400 yards - RIGHT 80 (4 S’s). Net shift, LEFT 10. 
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Messages* corrections, 
and commands 



Results 



Sensings 
RN I DF 



Observer to Ship: 
LEFT 10, 

DROP 400. 



Ship to Observer: 
ON THE WAY. . . . 
SPLASH. 



Observer to ship: 
LEFT 40, 

ADD 200. 



Ship to Observer: 

ON THE WAY. . . . 
SPLASH. 



Remarks: Observer must correct for deviation. Next deflection correction: 
LEFT 20 (12 x 1.6) to get on line + LEFT 20 to stay on = LEFT 40. 





Observer to Ship: 
RIGHT 10, 

DROP 50, 

FIRE FOR EFFECT. 



Ship to Observer: 
FIRING FOR 

EFFECT 

ROUNDS COMPLETE. 



Messages, corrections, 
and commands 



Observer to Ship: 
LEFT 40, 

ADD 100. 



Ship to Observer: 
ON THE WAY. . . . 
SPLASH. 



Results 



Remarks: Pattern covers the desired area and weapons are silenced. Repeat of 
fire for effect is not indicated. 
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Sensings 


and commands 


Results 


E23 


m 


Observer to Ship: 
MISSION 
ACCOMPLISHED, 








FIRE EFFECTIVE, 
WEAPONS SILENCED. 
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CHAPTER 6 

MISCELLANEOUS OBSERVED FIRES 

Section I. DIRECT LAYING 



142. GENERAL. When the target can be seen through the sight of 
the piece, direct laying is employed against the following: moving hos- 
tile vehicles, such as tanks; enemy personnel attacking the battery 
position; or other targets which can be seen from the gun position. 
Occasionally direct laying may be employed in attacking such sta- 
tionary targets as fortifications; however, assault-fire technique usually 
is used for such missions. Normally, direct laying is conducted by in- 
dividual piece by the piece commander. For a detailed discussion of 
direct laying, see FM 6-140 and the pertinent field manual on the 
service of the piece. 

143. CONDUCT OF FIRE. Each piece is adjusted individually on the 
target. Direction is taken from the target itself. Adjustment is made 
by placing the point of burst on the desired part of the target (for 
high velocity and flat trajectory weapons) or by bracketing the target 
as in range-bracketing procedure (for low velocity weapons). 



Section II. ASSAULT FIRE 



144. GENERAL. An artillery piece may be used for the destruction of 
caves, pillboxes, or other fixed fortifications. Any weapon of caliber 
less than 155 millimeters is uneconomical for this purpose. The weap- 
on must be emplaced at such a range as to make possible the obtain- 
ing of successive hits on the same portion of the target. Generally, 
this range should not exceed 2,500 to 3,000 yards, except for the 240-mm 
howitzer which can be effectively employed up to 4,000 yards. Pin-point 
accuracy is vital. Because of their maneuverability and the rapidity 
with which they may be emplaced and displaced, self-propelled weapons 
are much better suited to this type of mission than are towed weapons. 
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145. AMMUNITION, a. Projectiles. HE shell is used for the destruc- 
tion of most fortifications. However, if the material to be penetrated 
is hard rock or heavy reinforced concrete, deeper penetration can be 
obtained with the use of armor-piercing (AP) projectiles fired at the 
highest striking velocity attainable. Since armor-piercing shell has 
little or no explosive filler it tends to make a deep crater of small 
diameter. In order to widen this crater and clear away rubble when 
armor-piercing shell is being used, the observer should order a round 
of HE shell with concrete-piercing fuze (M78) or Mol fuze quick fired 
every fourth or fifth round. Armor-piercing or high-explosive anti- 
tank (HE.AT) shell should be used against steel. 

b. Fuzes. Concrete-piercing fuzes are normally used in the destruc- 
tion of fortifications; therefore, the nondelay concrete-piercing fuze 
is used in adjustment since it has a small ballistic difference from fuzes 
of the M51 series. Ordinary M51 delay fuzes are used only when 
concrete-piercing fuzes are not available, or they may be used to cut 
a channel through a parapet or through an earth covering. In such 
a case the M51 fuze (set for superquick) is used for adjustment. 

c. Charges. The highest charge which will clear the mask and 
reach the desired point on the fortification is used. 

146. ADJUSTMENT. Adjustment is made using modified range- 
bracketing procedure. Each piece has an observer who should be as 
close to the target as possible in order to be able to make estimates 
of range and deflection errors to the nearest yard. When the bursts 
are near the target, the observer usually can estimate vertical error 
more accurately than he can estimate range error; therefore, after 
bursts have been brought close to the target, the observer makes cor- 
rections of site rather than range. Corrections are given in yards and 
are converted into fire commands at the gun position. Sample cor- 
rections are: RIGHT 4, UP 5, REPEAT RANGE; LEFT 1, DOWN 
2, REPEAT RANGE; RIGHT ]/ 2 , REPEAT RANGE. 

147. FIRE FOR EFFECT. Fire for effect is started when the point of 
impact has been brought to the desired part of the. target. Rounds 
are fired singly to permit the observer to make necessary corrections 
or changes in ammunition between rounds. Fire for effect is continued 
until the target has been destroyed. 

148. LAYING THE PIECE, a. At the gun, deflection changes are made 
to the nearest mil until a I-mil deflection bracket is obtained; further 
changes are made to the nearest 14 mil. A deflection board attached 
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to the aiming stakes is used for this purpose. The deflection board 
illustrated in figure 36 enables the gunner to make deflection changes 
of 14 mil. The black and white bands are 14 mil in width when viewed 
through the sight of the piece at a distance of 50 yards. The gunner 
lays on the desired portion of the board by centering the crosshair of 
the sight upon a black (white) band on the board. To move 14 mil, 
he moves the line of sight (by traversing the piece in the proper direc- 
tion) so that the adjacent white (black) band is covered; to move 14 
mil, the crosshair is moved two bands, etc. 

b. Changes in elevation are made to the nearest one-tenth mil. The 
gunner’s quadrant is used. 
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149. ILLUSTRATIVE EXAMPLE. Target, reinforced concrete pillbox, 
visible side banked with 10 feet of earth; mission, destruction; materiel, 
8-inch howitzer, self-propelled; ammunition, HE shell with M51 and 
M78 fuzes, and projectile, armor-piercing. 



Observer’s messages, 
corrections, and commands 


Sensings 


Remarks 


FIRE MISSION, 

MARK CENTER HILL 1090, 
PILLBOX, 

MAXIMUM CHARGE, 
FUZE QUICK, 

WILL ADJUST. 


?, 50L 




RIGHT 50, 
REPEAT RANGE. 


+, 10R 


Round was dose enough to 
target that vertical deviation 
could be estimated. 


LEFT 10, 

DOWN 6, 

REPEAT RANGE. . 


T 


Round struck earth bank. 
Obsr places succeeding 
rounds to cut channel through 
earth to face of concrete wall. 


LEFT 2, 

DOWN 1, 

FUZE DELAY, 
REPEAT RANGE. 


T 


After several rounds are 
fired, channel through dirt 
is cleared and the concrete 
wall is exposed. 


REPEAT DEFLECTION, 

UP1, 

FUZE CONCRETE-PIERCING 
DELAY, 

REPEAT RANGE. 


T 


Burst raised 1 yard arbi- 
trarily to correct for differ- 
ence in trajectory caused by 
concrete-piercing fuze. 

Rounds are fired singly. 
Obsr may order AP or HE, AT 
interspersed with one round 
in four or five of HE shell 
with concrete-piercing fuze. 
This will hasten penetration. 
As penetration continues, 
Obsr orders an occasional 
round of HE with quick fuze 
to clear rubble. 

Fire for effect is continued 
until penetration is accom- 
plished and the pillbox de- 
stroyed. 


MISSION ACCOMPLISHED, 
PILLBOX DESTROYED. 
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Section III. HIGH-ANGLE FIRE 



150. GENERAL FEATURES, a. Fire delivered at elevations greater 
than the elevation for maximum range is called high-angle fire. Its 
use is appropriate when fire is being conducted into or out of deep 
defilade such as is found in jungle, sharply eroded terrain, and cities, 
or over high terrain features near friendly troops. 

b. When high-angle fire is desired, the observer includes in his ini- 
tial fire message, HIGH-ANGLE FIRE. Adjustment is conducted us- 
ing either range-bracketing or deflection-bracketing procedure, which- 
ever is appropriate. From the point of view of the observer, high-angle 
fire has the following characteristics, in contrast to fire at normal ele- 
vations: 

(1) Depending upon the weapon used, there is little overlap in the 
ranges reached by the various charges, and in some cases there may 
be dead space between charges. During an adjustment, it may be nec- 
essary for the fire-direction center to change from one charge to another, 
unless the observer has given the accurate location of the target ini- 
tially. 

(2) With a given charge and deflection setting, high-angle rounds 
fired at varying elevations will fall approximately along a straight line. 
Because of the large drift resulting from high-angle fire, this line will 
not coincide with the actual GT line, and is therefore called the effec- 
tive GT line (figs. 37 and 38). Since drift increases as the range de- 
creases, the guns appear to be farther to the right than their actual 
location. The effective target offset varies from the actual target offset 
by approximately 100 mils for all weapons and charges. A compensa- 
ting shift for the change in drift is not necessary to keep the burst on 
the OT line when changing ranges within a charge. The factor S is 
determined for the effective target offset and makes this compensation. 

yr (3) Because of the steep angle of fall, ricochet fire is not possible. 
The long time of flight prevents the use of time fire. The steep angle 
of fall gives the maximum effectiveness in all directions of the side 
spray of quick-fuzed shell. With VT fuze this effect is combined with 
a much lower point of burst than is normally obtained with the VT 
fuze. This makes high-angle fire less effective against personnel in 
trenches but more effective against exposed targets, when compared 
with fire delivered at normal elevations. 

(4) In observed fires, the site may be ignored unless the difference 
in altitude between gun and target is very large. 
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Figure 37. Drift effect, changes in elevation only, high-angle fire. 
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Apparent location 
of guns. 



Figure 38. Effect of drift in high-angle fire. 

c. It is necessary for fire-direction center to take into account the 
following characteristics of high-angle fire: 

(1) An increase in elevation decreases the range to the point of im- 
pact. 

(2) An increase in angle of site requires a decrease in quadrant 
elevation. The complementary angle-of-site factor is greater than 
unity, has a sign opposite to that of the angle of site, and when alge- 
braically added to the computed angle of site, results in a small site 
of the opposite sign. The high-angle scales on the graphical firing 
table give the site (angle of site plus complementary angle of site). 
The sign of the site is opposite to the sign of the angle of site to the 
target. (See TM 9-524.) 

(3) High-angle fire involves .extremely high maximum ordinates and 
correspondingly long times of flight. Also, small changes in range cause 
relatively large changes in maximum ordinate and time of flight. These 
conditions make corrections to be applied in unobserved transfers 
somewhat unreliable and prevent definite fixing of transfer limits. 
Consequently, every effort should be made to obtain observation. 
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(4) Drift is very great and increases with an increase in time of 
flight. Thus in high-angle fire drift increases as the range is decreased 
for any one charge. In changing from a lower to a higher charge at 
a given range, the drift increases; in changing from a higher to a lower 
charge at a given range, the drift decreases. When changing charges 
during an adjustment, a shift is made to compensate for the difference 
in drift. The shift may be obtained rapidly by determining the differ- 
ence in drift from the graphical firing table. This shift is to the left 
when changing to a higher charge, and to the right when changing to 
a lower charge. 

(5) Time of flight is so great that adjustment is slow. Identification 
of rounds may be difficult unless the observer considers time of flight. 
The observer must be given either the time of flight when he is noti- 
fied ON THE WAY, or the warning SPLASH five seconds prior to 
impact. 

(6) Conduct of high-angle fire is greatly facilitated by the use of the 
graphical firing table rather than the tabular firing table. 

Section IV. CONDUCT OF FIRE WITH CHEMICAL SHELL 



151. GAS SHELL, a. General. Gas shell is fired within restrictions 
laid down by higher authority. Velocity and direction of the wind are 
always considered, especially when friendly troops may be endangered. 
Data for firing gas shell should be the most accurate obtainable. If 
possible, registrations and adjustments are made with the type of shell 
which is to be used in fire for effect. When sensings cannot be made 
using gas shell, adjustment may be conducted with HE; compensation 
is made for the difference in ballistic properties before fire for effect 
is started. The quick fuze is used for gas shell. 

b. Nonpersistent gas. Surprise and rapid building up of an effec- 
tive concentration are essential elements in the success of an attack 
with nonpersistent gas. Surprise is attained by means of a transfer or 
by an adjustment on an auxiliary target. An effective concentration 
is built up rapidly by the employment of a large number of pieces of 
large caliber, and by rapid firing for a short time. 

c. Persistent gas. When well distributed on vegetation, materiel, 
and ground, a persistent gas is most effective against personnel. To 
obtain this effect, a given amount of gas delivered with light weapons 
is preferable to the same amount delivered by medium and heavy 
weapons. 



97 




152. SMOKE SHELL (fig. 39). a. General. Smoke is used for screen- 
ing enemy observation; for prearranged signals; and, when necessary, 
as an aid in the adjustment of fire. Use of smoke for screening must 
be coordinated with higher authority. To build and maintain a smoke 
screen, fire must be adjusted. The proper location of bursts relative 
to the target depends upon direction and velocity of the wind, volume 
and density of smoke produced by each burst, and rate of production 
of smoke. This location is determined by observation of bursts during 
adjustment. Adjustment is conducted with a single piece. The rate 
of fire necessary to maintain the screen depends upon the width of front 
to, be screened, the direction and velocity of the wind, and the volume 
and density of smoke produced by each burst. The fire of a single piece, 
the continuous fire of several pieces, or volley fire may be used. When 
smoke is used to prevent enemy observation of the operations of 
friendly troops, the observer who is adjusting the fire should be near 
the troops whose operations are to be concealed. 

b. Base ejection type smoke shell. (1) Hexachlorethane (HC), the 
smoke-producing agent in this type of shell, burns with relatively little 
heat and does not “pillar.” Since it is hygroscopic, it is made more effec- 
tive by rain and mist. 

(2) When the objective is to build and maintain a smoke screen, fire 
must be observed to be effective. The lowest practicable propelling 
charge is used. Time fuze is used with a time setting that surely will 
cause the smoke charges to be ejected before impact. The setting used 
for time of burning should be from one to two seconds less than that 
for a zero height of burst. Fuze M67, without booster, can be used 
with 155-mm shell to obtain a time of burning greater than 25 seconds. 

(3) The burning qualities of the smoke charges are as follows: 

105-mm 155-mm 

Time to emit effective cloud 1 minute 30 seconds 

Time to reach maximum effectiveness 2 minutes 1 minute 

Total time of burning . 3 minutes 4 minutes 

(4) If a 'wind is parallel to the front to be screened, the spacing of 
points of fall may be as great as 400 yards. If a wind is perpendicular 
to the front to be screened, the spacing may be as close as 30 yards. 
A rough guide for computation of ammunition requirements for a 
screen for each point of fall is as follows: 




Rate of fire 
(Rounds per minute) 
105-mm 155-mm 

1 y % 

Wt h 

2 1 
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CLIMATIC CONDITIONS 
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(5) Since the smoke is emitted from the canisters in thin streams 
which travel an appreciable distance before billowing out enough to 
form an effective screen, points of fall must be well upwind from the 
target. 

c. White phosphorus shell. The smoke-producing agent of white 
phosphorus (WP) burns rapidly and is inclined to “piilar.” Quick 
fuze is used to build and maintain a smoke screen. The ammunition 
requirements for building and maintaining a smoke screen with this 
type of shell are greater than those for the base ejection type. Cas- 
ualty and incendiary effect are produced by white phosphorus. 

Section V. CONDUCT OF FIRE WITH ILLUMINATING SHELL 



153. USES FOR ILLUMINATING SHELL. Illuminating shell can be 
used to advantage for any of the following specific purposes and in 
any other situation where illumination is needed. 

a. Illuminating areas of suspected enemy movement, attack, or 
counterattack. 

b. Surveillance of fires at night. 

c. Night adjustment and observation of the effect of artillery fire. 

d. Harassing enemy positions and installations. 

e. Furnishing direction to infantry for attacks or patrols. (Place 
flares well in advance of our troops to avoid illuminating them.) 

f. Night photography. 

154. DESCRIPTION OF ILLUMINATING SHELL. The projectile is 
a hollow, base-ejection type shell. A cylindrical flare attached to a 
cotton parachute is inclosed within the projectile. A time fuze, with- 
out booster, ignites the black powder charge in the nose of the shell. 
The explosion blows off the base plate and expels the flare and para- 
chute. The flare attains full illumination about ten seconds after 
being ejected. 

155. ADJUSTMENT OF ILLUMINATION, a. The following tables 
give characteristics of the illuminating shell Ml 18, 155-mm howitzer: 

Proper height of burst 700 yards 

Time of burning 60 seconds 

Rate of fire for continuous illumi- 
nation 1 round every 

30 seconds 

Optimum distance between adjacent 
bursts for volley fire 



100 



700 yards 




b. The proper height of burst is that which will allow the flare to 
stop burning just before it strikes the ground. 

C. The correct quadrant elevation to place the point of burst at the 
proper height for a given range, under normal conditions, is given 
in the appropriate firing table or graphical firing table. 

d. The correct relative position of flare and target depends upon 
the terrain. The point of burst should be such as to give the most ef- 
fective illumination on the target and to insure that the final travel 
of the flare is not between the observer and the target. In a strong 
wind this will necessitate placing the point of burst some distance 
from the target so that the flare will drift to the desired location near 
the target. Generally, the position of the flare should be slightly to 
one flank of the target and at about the same range. If the target 
is on a forward slope, the flare should be on the flank and at a slightly 
shorter range. For a precision adjustment on a very prominent target, 
better visibility may be obtained by placing the flare beyond the target 
in order to silhouette the target. In this case care must be taken that 
the adjustment is made on the target and not on its shadow. 

e. A strong wind may decrease the time interval necessary between 
rounds when firing for continuous illumination. 

f. It is best to observe in the illuminated area from a location as 
close as possible to this area. In the event that the observer cannot 
get close to the illuminated area, good observation can be obtained 
from ranges up to 2,500 yards. Observation on prominent targets can 
be obtained at ranges up to 4,000 yards. 

g. The size of the area effectively illuminated depends upon the 
observing distance. For one 155-mm shell it is about 400 yards in 
diameter, when observing from medium ranges. Two rounds bursting 
simultaneously at about the same place produce a better lighted area 
and may be used when observing conditions are poor because of haze, 
smoke, dust, or long observing range. 

h. Two rounds fired with pieces converged, set to burst simulta- 
neously at 700 yards difference in range, will give good observation 
for range and will reduce the shadows resulting from a single flare. 
Such a pair of rounds will permit much better observation of the terrain 
than two single rounds fired at the same point. In searching an area, 
sufficient rounds, properly located to cover the area, should be fired 
simultaneously. Firing four rounds simultaneously, each round on 
the corner of a square 700 yards on a side, will illuminate an area 
more than 1,000 yards square with no shadows or dark areas. 
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i. Illuminating shell may be adjusted over a point of known range 
and may be transferred to other points at known ranges. However, 
the effect of the wind on the flare may reduce transfer limits con- 
siderably. A correction to the range obtained from the adjustment 
is applied as a flat correction. This flat correction to the range is 
adopted rather than a percentage (K) correction because the effect 
of the wind upon the travel of the flare after it explodes is probably 
more important than the change in range to the point of burst caused 
by the weather. The refinement of adjusting the illuminating shell 
closer than 100 or 200 yards to tire target usually is not justified. An 
adjustment must take into account the direction and velocity of the 
wind around the point of burst. 

j. Any changes in the height of burst should be made in multiples 
of 30 yards. The slight variation in the time of burning of the indi- 
vidual flares renders useless any closer adjustment of the height of 
burst. When the point of burst is too high the change required is 
estimated from the position of the flare when it dies out. When the 
point of burst is too low the change required is estimated from the 
length of time the flare burned on the ground. 

k. When firing illuminating shell with the 155-mm howitzer no 
charge greater than charge 5 should be used. 

156. NIGHT ADJUSTMENT OF ARTILLERY, a. When the tactical 
situation requires, night adjustment of artillery fire and surveillance 
of fires can be accomplished by employing illuminating shell. If an 
operation includes the use of “artificial moonlight” or if the observer 
has control of searchlights for direct illumination, he may adjust ar- 
tillery fire at night by making use of these types of illumination. How- 
ever, “artificial moonlight” usually affords very limited observation 
since the light is diffused over a wide area and may not be controlled by 
the observer. Searchlights used for direct illumination may be readily 
neutralized by enemy fire if they remain in operation for more than 
a few seconds at a time. With the use of illuminating shell these dis- 
advantages are overcome since the observer can obtain satisfactory and 
continuous illumination of the target area and has direct control of 
this illumination through normal channels. 

b. When an adjustment mission is to be fired during darkness with 
the aid of illuminating shell, the observer indicates in his initial fire 
message that he will adjust the illuminating shell. For example, he 
might send: 
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FIRE MISSION 

KING MIKE 7236 (to indicate point of burst of the illumina- 
tion) 

TANKS AND INFANTRY ASSEMBLING 

ONE GUN (to indicate that one-gun illumination is desired) 

ILLUMINATION 

WILL ADJUST. 

c. The observer adjusts the illuminating shell to the desired loca- 
tion; then, with continuous illumination, he adjusts the remaining 
pieces on his target using the appropriate projectile and fuze. During 
the adjustment of the illumination, normally fired by a flank piece, 
the other pieces of the battery follow all deflection commands. When 
the illuminating shell has been adjusted satisfactorily, the observer 
designates the location of his target with respect to the burst center 
of the illumination and begins the adjustment of HE shell. For exam- 
ple: 

CONTINUOUS ILLUMINATION 
FROM ILLUMINATION 
LEFT 100 
SHELL HE 
DROP 200. 

He may, if desired, specify the length of time for the illumination to 
continue. 

d. When the command CONTINUOUS ILLUMINATION is given, 
no further changes in data are made for firing illuminating shell unless 
called for by the observer. The piece used to fire the illuminating 
shell continues to fire at the rate of one round each 30 seconds (for 
the 155-mm howitzer). 

e. The HE adjusting piece is (pieces are) fired at the deflection and 
range indicated by the observer’s commands. The executive deter- 
mines from the illuminating shell firing table the range at which 
the illuminating shell is being fired, then determines from the HE 
shell firing table the elevation for the target corresponding to the 
range indicated by the observer's commands. 

f. When the piece firing the illuminating shell is from a different 
battery than the one firing HE, the illumination is adjusted and then 
initial data is sent to the battery firing HE. If the location of the target 
is known with sufficient accuracy, data may be sent to both batteries 
initially. If the situation warrants, the battery firing HE may be laid 
for direction by sighting on the flare. 
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Section VI. COMBINED OBSERVATION 



157. GENERAL, a. Conduct of fire is termed combined when there are 
two or more observers placed so that their observing lines intersect at 
an appreciable angle. From the combined information given by the 
observers, the amount and direction of the error of each round may 
be found. Combined observation is useful for registering with a mini- 
mum number of rounds; for adjustment when deviations, but not 
sensings, can be reported, as in night adjustments; and for accurate 
surveillance of scheduled missions. The most serious limitation is the 
difficulty of coordination between two or more observers, especially 
in regard to timing, communication, and target designation. 

b. Targets or adjusting points may be designated by an observer or 
by the officer conducting fire, by giving grid or polar coordinates, by 
designating a reference point and an instrument reading and vertical 
angle, by giving a description of the target, or by designating the target 
by reference to nearby objects. 

c. When the targets have not been designated in advance, both ob- 
servers must have communication with the officer conducting fire. 
When observers are to designate targets, direct communication between 
observers is desirable. Immediate communication is desirable but not 
essential for center of impact or high-burst registrations. 

d. When the reference point cannot be seen after dark, a nearby 
point must be established during daylight on which to orient the in- 
strument after dark, in order that the observer will be able to report 
instrument readings at night. 

158. CENTER OF IMPACT AND HIGH-BURST REGISTRATION, a. 

An accurate firing chart is required. The horizontal locations of ob- 
servers, piece, and reference point must be known. The relative alti- 
tudes of the piece and observers must be known. 

b. The observers are given instrument readings to the expected point 
of burst. A single piece fires a group of rounds, preferably six, with 
the same piece settings. These settings are the adjusted data for com- 
putation of corrections. Each observer reports the instrument reading 
to each burst, and reports the vertical angle to the burst. 

c. The center of impact of the group of rounds is plotted by inter- 
section, using the mean instrument readings. The altitude of the 
center of impact is computed from the average of the altitudes obtained 



104 




from the vertical readings of each observer. The angle of site is com- 
puted. Map data are determined from the plotted location of the cen- 
ter of impact. 

d. A high-burst registration is identical in principle to a center 
of impact registration. It differs in the following particulars: 

(1) A high-burst registration is fired with time fuze, and cannot be 
used if time shell is not available, or if limiting ranges of time shell 
prevent reaching the desired area. A center of impact registration is 
fired with impact fuzes, and is not subject to these limitations. 

(2) High-burst registrations usually are easier to observe, since the 
air bursts are conspicuous, whereas impact bursts often are lost to one 
or both observers, especially in rugged terrain. At night, the air burst 
is a well defined flash, easy to pick up in the reticle, whereas impact 
bursts often are a diffused glow. 

(3) Time correction may be determined from a high-burst registra- 
tion, but not from a center of impact registration. 

(4) In a high-burst registration, the battery executive can be used 
as the axial observer under certain conditions. However, when the 
angle of site to the burst center exceeds approximately 50 mils above 
the ground level of the target area, errors in elevation corrections will 
be obtained, especially when the maximum range for each charge is 
approached. These errors are eliminated by the method prescribed in 
e below. 

(5) There is no limitation to the area in which high-burst registra- 
tion can be used except the limits imposed by the time of burning of 
the fuze. It can provide corrections for that part of the terrain con- 
cealed to our observation, whereas a center of impact registration can 
be conducted only on undefiladed terrain. 

e. When the battery executive is to act as axial observer in a high- 
burst registration, large differences in site with resultant error are 
avoided by the following procedure: A round is fired high enough in 
the air so that the battery executive can observe it above the mask. He 
determines the instrument reading to the burst. (More than one round 
may be required to secure an accurate instrument reading.) This in- 
strument reading fixes the axial ray for plotting the burst center. Site 
is then decreased and succeeding rounds are fired at as nearly as possible 
the site of the target area. The lateral observer reports the instrument 
reading and the vertical angle to each burst. The mean instrument 
reading of the lateral observer fixes the lateral ray for plotting the 
burst center. The altitude of the burst center is computed from the 
mean vertical angle measured by the lateral observer. 
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159. ADJUSTMENT ON TARGETS, a. If observation posts have been 
located on the firing chart and instrument directions established, ob- 
servers report instrument readings or deviations. The location of each 
burst center is plotted by intersection, errors are determined, and ap- 
propriate changes in data are made. Fire for effect is commenced when 
a target hit or a burst near the target is obtained. The use of an auxi- 
liary target is appropriate in area fire; under these conditions, how- 
ever, transfers with surveillance will be more economical of time and 
ammunition. 

b. When one observer is axial and the other is lateral, no chart is 
required for the adjustment of fire. The axial observer conducts the 
fire, using range-bracketing procedure. He adjusts deflection promptly. 
Thereafter, the lateral observer senses range by rule. If the range factor 
(par. 120) is known, the approximate amount of range error can be 
determined. 

c. When both observers are lateral and no chart is available, one 
observer may conduct the fire by deflection-bracketing procedure using 
the other observer’s reports to supplement his sensings. 

d. To facilitate the adjustment when both observers are in a lateral 
position, the S-3 may conduct the fire, drawing an “X” to represent 
the lines of sight of the left and right observers, and a line to represent 
the GT line if known. On the sketch he plots the sensings roughly and 
makes appropriate changes in data. 

e. The methods set forth in a, b, and d above are applicable at night. 
If the relative locations of observers and guns are unknown and if de- 
viations are sensed in yards or mils from the OT lines, the method 
set forth in d above will give good results: The OT line is recorded 
on targets discovered during daylight by all observers. At night the 
illuminated crosshairs of an observing instrument are placed on the 
enemy gun flash, and site and instrument readings are recorded if ad- 
justment'' is not initiated at once. As an expedient, direction to a flash 
may be materialized on the ground by a piece of white tape or two 
stakes. Adjustment of fire at night is made with quick fuze. 

160. SURVEILLANCE. Maximum effective fire results when the target 
location, registration, and surveillance of fire are all performed by 
the same observers. Fire for effect is used initially when warranted by 
the accuracy of target location and registration. The officer conduct- 
ing fire notifies each observer of the number of batteries firing, and 
the method of firing for effect. Each observer reports the deviation 
or instrument reading of the mass of the initial volleys. 
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161. ILLUSTRATIVE EXAMPLES, a. Mission, high-burst registration; 
materiel, 105-mm howitzer; ammunition, shell HE, charge 5, fuze M54. 

Both observers are lateral. Each instrument has been zeroed on a 
reference point in the target area. Orientation for observers: RIGHT 
OBSERVER INSTRUMENT READING 425, VERTICAL ANGLE 
+20; LEFT OBSERVER , INSTRUMENT READING 6280 , VER- 
TICAL ANGLE +10m I 

Initial commands (FDC to battery); NO. 2 ADJ, SH HE, CH 5, 
TIME 19.9, BDR 215, SI 315, NO. 2, 1 RD, 



Rd 

No. 




[ Instrument reading 


Vertical angle 




Commands 


Left 

obsr 


Right 

obsr 


Left 

obsr 


Right 

obsr 


Remarks 


1 


EL 350 


GRAZE 


LOST 


+5 




Site raised to se- 
cure air bursts 
within view of 
right observer. 


2 


UP 20, 350 


6253 


m 


+23 


+20 


Not counted in 
total. 


3 


350 


621,3 


1,21 


+18 


+16 




4 


350 


6257 


1,22 


+15 


+12 




5 


350 


6258 


1,21 


+16 


“M 4 




6 


350 


6261, 


1,21 


+15 


+13 




7 


350 


6258 


1,20 


+17 


+n 




8 


350 


6252 


1,22 


+ 15 


+H 


6 rounds for ef- 
fect. 


Average 


6255 


421 


+ 16 


+14 





The officer conducting fire decides that six rounds are sufficient for 
the registration. The observers and battery are notified, END OF 
MISSION. Rounds 3 through 8 which are used to determine average 
readings for plotting the burst center were fired at TIME 19.9, BDR 
215, SI 335, EL 350. These are the adjusted data. The horizontal loca- 
tion of the burst center is plotted on the firing chart by intersection. 
Angle of site is computed as -)-19 mils by using the mil relation 
formula, the vertical angles reported by the left and right observers, 
the relative altitudes of each observer and the piece, and the distances 
scaled on the chart to determine the mean altitude of the burst center. 
Complementary angle of site (+.16 X +19 ift = Sift) is added to the 
angle of site (+19+), giving a site of +22+ A shift of BDR 224 and 
a range of 5820 yards to the burst center are scaled to this plotted loca- 
tion on the firing chart. These are the map data. Corrections are/ 
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determined by fire-direction center. The deflection correction is deter- 
mined to be left 9. The adjusted elevation is determined as follows: 



Elevation fired S50 

Site fired -(-35 

Quadrant elevation fired 385 

Site to burst center . . ,. . B*. — (+22) 

Adjusted elevation ..... J| 363 



Graphical firing table settings: Charge 5, fuze M54, range 5820, ad- 
justed elevation 563, adjusted time 19.9. 

b. Mission, night registration on a check point; materiel, 105-mm 
howitzer; ammunition, HE shell, charge 5; map shift to the check point 
is BDL 313, map range is 4900 yards (elevation 282 tfi), map site is +2 ifi 
(SI 302). 

Observation: One lateral observer on left, and the battery executive. 
Lateral observer’s exact position is not known, but he has an instru- 
ment laid on the check point. Executive has recorded instrument di- 
rection following registration on the base point. 

No. 2 is the base piece. 

Initial commands (FDC to battery): INSTRUMENT DIRECTION 
L 313, NO. 2 ADJ, SH HE, CH 5, TIME J6.4, BDL 313, SI 302, NO. 2, 
1 RD, EL 282. 

The battery executive lays his instrument on the indicated instru- 
ment direction, and commands: 

NO. 2 ADJ, SH HE, CH 5, TIME 16.4, BDL 313, SI 480, NO. 2, 
1 RD, EL 282, FIRE. (He gave an arbitrary increase in site to cause 
the round to burst above the mask in order that he might observe 
it from the gun position; the executive orders succeeding rounds fired 
with the site commanded by FDC, i.e., SI 302.) 

He observes this round 5 mils right of the line of sighting, gives the 
command LEFT 5 to the adjusting piece, and reports to fire-direction 
center: DEVIATION, 5 MILS RIGHT ; CORRECTED. 

The lateral observer is notified to continue the adjustment. He 
senses range by rule, and sends to fire-direction center corrections of 
range only. 
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Rd | 
No. 


Observer’s 

corrections and commands 


Rn 


Sensings 
Dev (th) 


Remarks 


1 

' 


l 


| 




This was the round 
observed by the 
executive. 








I 




2 


QUICK, M54, REPEAT RANGE 


- i 


lo K 


Obsr decides to make 
initial range 
change of 200 yds. 


3 


REPEAT DEFLECTION, 
ADD 200 


+| 


11 L 




4 


REPEAT DEFLECTION, 
DROP 100 


+ | 


3 L 




5 

6 
7 


REPEAT DEFLECTION, 
3 ROUNDS, DROP £0 


- 


10 R 

2 R 
7 R 




8 

9 


REPEAT DEFLECTION, 
2 ROUNDS, ADD 50 


+ 


2 L 
5L 






3 OVERS,' 3 SHORTS, 
REGISTRATION COMPLETE 






FDC computes ad- 
justed elevation 
and determines 
corrections as for 
any other regis- 
tration. 



If a time registration is required, the adjustment proceeds as pre- 
scribed in range-bracketing procedure, time registration (par. llOh). 

C. Target, machine gun emplaced in pillbox and discovered by gun 
flashes at night; mission, destruction; materiel, 155-mm howitzer; am- 
munition, HE shell, charge 7, fuze concrete-piercing. 

Two observers in front lines report target. Their positions are 
known only approximately. S-3 decides to conduct fire from devia- 
tions reported by the observers. 
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OL to S-3: FIRE MISSION, FROM BASE 
POINT, RIGHT 200, DROP 1000, HEAVY 
MACHINE GUN IN PILLBOX FIRING, 
DESTRUCTION, MAXIMUM CHARGE, 
FUZE CONCRETE-PIERCING, WILL AD- 
JUST. 


y/. 




OR to S-3: CAN OBSERVE TARGET. 






S-3 to observers: ABLE, ONE PIECE, FUZE 
CONCRETE-PIERCING N O N D EL AY, 
CONCENTRATION 5, WILL CONDUCT 
FIRE, REPORT DEVIATIONS, WAIT. 


/ A 
/ 2 \ 




Initial commands (S-3 to battery): NO. 2 


OL OR 





ADJ, SH HE, CH 7, FUZE CONCRETE-PIERCING NONDELAY, 
BDR 40, SI 300, NO. 2, 1 RD, 



Rd 




j Reports of deviation 


Remarks 


No. 


(S-3 to Btry) 


Left obsr 


Right obsr 


1 


EL 160 


100 L 


200 L 


Sensings in mils from OT 
lines. 


2 


R 30, 160 


80 R 


50 L 


Short. 


3 


170 


100 L 


50 R 


Over; with range change only, 
sensings established defi- 
nitely that OL is left of GT 
line and OR is on right. 


4 


165 


5 R 


8 R 


Deviation sensing by both ob- 
servers is close to the OT 
line; range is approximate- 
ly correct; deflection right. 


5 


FUZE CONCRETE- 
PIERCING DELAY, 
L 5, 3 RDS, 165 


LINE 






Short, deflection left. 


6 




S L 






Doubtful, deflection left. 


7 




10 L 




Over, deflection left. 


8 


R3.4RDS, 165 


LOST 


LOST 


Mine action or dud. 


9 




8 R 


LINE 


Short, deflection right. 


10 




LINE 


LINE 


Target, deflection correct. 


11 




2 R 


2L 


Short, deflection doubtful. 


12 


1 RD, 166 


2 R 


1 L 












Adjusted elevation: ibo-f-l = 
166 




6 RDS, 166 






Fire is continued until mis- 
sion is accomplished. 
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Section VII. CONDUCT OF FIRE WITH SOUND AND FLASH 

OBSERVATION 



162. GENERAL, a. Appropriate missions. The technique employed 
by field artillery observation battalions is presented in FM 6-120, The 
observation battalion may be used for the accurate location of targets, 
for the adjustment of fire, and for registration at greater distances and 
under more difficult conditions than is possible with organic firing 
battalion equipment and technique. Location of hostile artillery by 
sound and flash ranging, and registration of friendly artillery by flash 
ranging, are particularly appropriate missions. Adjustments by sound 
and flash ranging are time-consuming, and while thus engaged obser- 
vation units are taken away from their primary mission of locating 
targets. Sound ranging is not recommended for registration purposes. 
Sound ranging units cannot determine height of burst in time fire ad- 
justments. 

b. Target designation. Coordinates normally are used to designate ' 
targets in conduct of fire by observation units. In the absence of a co- 
ordinate system common to both the observation and artillery units, 
corrections may be made in relation to a base point, check point, or 
reference point. Altitudes are furnished if known. Observation per- 
sonnel estimate the degree of accuracy of target location, evaluate the 
missions, and send WILL ADJUST if conditions warrant adjustment. 
After a target is designated by a sound unit, adjustment should follow 
immediately to reduce errors from changes in atmospheric conditions. 
To eliminate errors, adjustment should be made wherever possible by 
the same unit that reported target location. 

163. REGISTRATION WITH FLASH RANGING, a. Initial data. The 

artillery unit furnishes the coordinates and altitude of the registration 
point in order that observers may orient their instruments to bring 
the first burst into the fields of view. Time of flight and ON THE 
WAY are announced by the firing unit to assist the observers in identi- 
fying the burst. A code time of flight should be used with radio com- 
munication. Firing data with latest corrections are given to the ad- 
justing battery. 

b. Center of impact. The flash ranging unit may request one or 
more orienting rounds fired AT MY COMMAND in order to orient 
observers and to assure positive identification of the initial rounds. 
It commands FIRE for the initial orienting rounds and may specify 
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the interval between rounds to be fired in the group for registration. 
The firing unit will specify the number of rounds (preferably six). 
ON THE WAY should be reported for each round. When the regis- 
tration is completed, the coordinates and altitude of the center of 
impact are reported to the firing battalion. Additional rounds may 
be requested if the desired results are not obtained because of erratic 
readings, or lost or erratic rounds. 

c. High burst. High-burst registration normally is used when im- 
pact bursts would not be visible to observers. Groups of rounds are 
fired as in b above, and the coordinates and altitude of the burst center 
are reported. 

164. CONDUCT OF FiRE. e. Adjustment. (1) FLASH RANGING. 
Adjustment is conducted by a single piece firing groups of two Or 
more rounds with the best data available. The firing unit reports 
time of flight, direction of fire, and method of fire for effect. ON 
THE WAY is given for each round. The flash ranging unit makes 
necessary corrections to bring bursts to the target. The adjustment 
is continued until the flashing ranging unit estimates that the next 
shift will obtain effect on the target, at which time the next correction 
is followed by the command FIRE FOR EFFECT. If surprise fire is 
desired and the target is located accurately, preliminary adjustment 
of fire on the target itself may be entirely eliminated. It is the function 
of the firing battalion to determine whether prior registration is nec- 
essary and to choose the point for registration with benefit of recoin 
mendations from the flash ranging unit. The facilities of the flash 
ranging unit may be employed also to conduct precision adjustments 
for destruction. 

(2) SOUND RANGING. Adjustment is conducted by firing groups 
of two or more rounds in order to obtain a center of impact, thereby 
decreasing the error caused by dispersion and by plotting. Platoon or 
battery salvos may be used in order to assist the sound ranging unit 
to identify the bursts properly. ON THE WAY is given for each round. 
The adjustment is continued until a suitable bracket has been ob- 
tained, at which time the next correction is followed by FIRE FOR 
EFFECT. 

b. Fire for effect. Fire for effect may follow an adjustment on 
the target or on an auxiliary target, or may be based on a transfer 
from a center of impact, base point, check point, or other fire of which 
the flash (sound) unit has determined the location. When conditions 
permit, the sound ranging unit ranges on a registration, and from data 
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so determined, corrections are computed for subsequent fire. The 
firing unit furnishes the coordinates of such points, preferably as de- 
termined by survey or photo restitution, otherwise as determined by 
replot of adjusted data. Surveillance should be executed on all mis- 
sions in order to obtain maximum effect. The method of fire and 
time at which fire will commence are given prior to fire for effect, 
and a report is made on completion of fire. With a sound ranging 
unit, a battery salvo for surveillance may be requested after fire for 
effect, since sound records of many sounds close together may not be 
readable. 

165. ILLUSTRATIVE EXAMPLE. An enemy battery has been located 
by the flash ranging platoon of Battery A and is reported to the bat- 
talion command post as follows: 

FLASH REPORT, COORDINATES 96.82-79.43, ALTITUDE 315 
YARDS, ENEMY BATTERY, THREE PLOTS, ACCURACY 50 
YARDS, TIME OBSERVED 0900, WILL ADJUST. 

The observation battalion evaluates this report and reports to corps 
artillery fire-direction center: 

FLASH REPORT, COORDINATES 96.82-79.43, ALTITUDE 315 
YARDS, ENEMY BATTERY LOCATED BY ABLE FLASH, AC- 
CURACY 50 YARDS, TIME OBSERVED 0900, WILL ADJUST. 

Corps artillery fire-direction center directs the 170th Field Artillery 
Battalion to fire the mission and notifies the observation battalion ac- 
cordingly. A concentration number is^assigned, the target location is 
given, and surprise fire is specified, as well as the number of rounds to 
be fired and the channel of communication to be used. 

The firing battalion decides to obtain corrections from a 6-round 
center of impact registration. Direct communication is then established 
between the flash ranging central and the fire-direction center of the 
firing unit. 

The observation battalion notifies the flash platoon of Battery A 
to stand by to register the 1 70th Field Artillery Battalion, and fur- 
nishes the coordinates of the center of impact. The observers are 
oriented on the center of impact. 
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FRC to FDC 


FDC to FRC 


Remarks 


(1) FIRE MISSION, 
COORDINATES 96.8-80.0, 
ALTITUDE 300 YARDS. 
CENTER OF IMPACT 
REGISTRATION, 

6 ROUNDS AT 30-SECOND 
INTERVAL, 

AT MY COMMAND, 
REPORT TIME OF 
FLIGHT. 


(2) TIME OF 
FLIGHT 25 SECONDS; . 
BATTERY IS READY. 








(3) FIRE. 


(4) ON THE WAY. 


Flash plotting team 
plots the Cl and re- 
ports the coordinates 
and altitude to the 
FDC. The FDC de- 
termines corrections 
from this data. 


(5) FIRE MISSION, 
CONCENTRATION NO. 90, 
FIRE FOR EFFECT. 


(6) BATTALION 
FIRING FOR EFFECT . . . 
ROUNDS COMPLETE, 
ALL BATTERIES. 




(7) MISSION AC- 
COMPLISHED, FIRE 
EFFECTIVE. 






*#**### 
Paragraphs 166 to 169, inclusive, are not used. 

Figures 40 to 47, inclusive, are not used. 

Appendix VII and Appendix XI (as added by Cl) are rescinded. 
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